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This paper being addressed as to mathematicians-theorists specializing in geom- 
etry, algebra, functional analysis, theory of dynamical and controlled systems and 
interested in modern applications of their disciplines to problems of information 
technologies (an organization of real-time interactive dynamical videosystems for 
accelerated computer and telecommunications) as to specialists, who elaborate such 
systems with an accent on mathematical methods of interactive computer graphics 
in real time, is devoted to an analysis of a certain apparently rather perspective as 
well as an interesting from the pure (as experimental as theoretical) mathematics 
point of view approach to solution of one problem of the information technologies. 

The main difficulty that lays obstacles to the further development of real-time 
interactive systems for accelerated computer and telecommunications is the essen- 
tial scantiness of a volume of information transmitted per unit of time. If for the 
non-interactive systems and for the conventional time interactive systems arranged 
for accelerated communications this difficulty may be more or less overcame by the 
using of various methods of compression and encoding as well as by the simultane- 
ous development of the matherial (technical) basis then for the real-time interactive 
systems it becomes almost insurmountable under a naive approach. Moreover, the 
using of the real-time interactive systems for accelerated communications on large 
distances produces a new difficulty related to the impossibility to synchronize the 
internal rythms of subjects of a communication caused by the relativistic effects; 
thus, if the distance is about N thousand of kilometers then a deviation in synchro- 
nization is theoretically not less than iV/300 second and practically much more. 



This is an English translation of the original Russian version, which is located at the end of the 
article as an appendix. I regret that the translation is too far from the precision of the original 
so in a case of any differences between English and Russian versions caused by a translation 
the least has the priority as the original one. A remark is convenient: the term "informatics" 
widely adopted in Russian literature as for "computer science" as for "information science" and 
sometimes for the whole cybernetics (as it was proposed by N.Wiener) is used in the article without 
any specification of its meaning. Some other terms of Latin form common in Russian literature 
(e.g. of French origin) are used instead of their sometimes slightly different English equivalents. 
The same is true also for the terms of a Greek root. Moreover, some purely Russian terms are 
directly transliterated in English if their translation is not adopted and any variant is not adequate. 



All these difficulties produce a necessity in a new organization of information and 
its transmission in the real-time interactive systems for accelerated communications. 
One of the possibilities, by the way used in systems of ordinary communications, is 
in a transmission the pointers to objects instead of their descriptors with the fol- 
lowing dynamical reconstruction of the objects themselves. Under the using of this 
possibility in the interactive real-time psychoinformation videosystems for acceler- 
ated nonverbal cognitive communications, which seem to be the most perspective to 
the author by many reasons, which will be clarified below, the connection between 
pointers and objects themselves as well as the process of dynamical reconstruction 
performed in real time and as a sequence at least partially subconsciously that real- 
izes its characteristic feature, which differs the dynamical reconstruction of droems 
from ordinary reconstruction- "decoding", become nontrivial, potentially very pithy 
but almost unexplored as experimentally as theoretically. However, it is namely 
the knowledge of mathematical foundations, which lie in their basis, may provide 
with reduction of excessive claims to the apparate base of the systems allowing to 
realize them by widely available sources and on another hand may be a startpoint 
for elaboration of convenient and relatively simple software. 

In view of all these circumstances this article is an attempt to explicate the math- 
ematical foundations for the prescribed approach to organization of information and 
its transmission in the interactive real-time psychoinformation videosystems for ac- 
celerated nonverbal cognitive communications; on this way the key role is played 
by the droems ( "dynamically reconstructed objects of experimental mathematics" ) 
and interpretational figures as pointers to them. 

The article is organized in the following manner: four paragraphs are devoted to 
(1) an exposition of basic notions of the interpretational geometry, (2) the operator 
methods in the theory of interactive dynamical videosystems, (3) the general con- 
cept of the organization of integrated interactive real-time videocognitive systems, 
(4) the dynamically reconstructed objects of experimental mathematics and pro- 
cesses of their dynamical reconstruction, where the general notions are illustrated 
by a concrete example related to the infinite dimensional geometry. The exposi- 
tion is presumably heuristic and conceptual (the first and the third paragraphs) 
though some particular aspects such as content of the second and the fourth para- 
graphs, which allow deeper formalization and detailing in present, are exposed on 
the mathematical level of rigor. 

Note also that the motivations for particular statements exposed in the article 
lie in the concrete solutions used in various learning and communication systems, 
however, the consistent and systematic experimentally mathematical approach to 
the theme is contained in literature for the first time. 

§1. Interpretational geometry 

This paragraph is devoted to an exposition of various aspects of interpreta- 
tional geometry, which have a relation to the organization of information and its 
transmission in interactive videosystems of computer and telecommunications. The 
main attention is paid to interpretational figures, which will be of interest below as 
pointers to droems, and to forms of their transmission, otherwords, to the specific 
features of interpretational geometry in the multi-user mode. 

1.1. Interpretational figures [l,2:App.A]. Geometry described below is re- 
lated to a class of interactive information systems. Let us call an interactive in- 
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formation system computer graphic (or interactive information videosystem) if the 
information stream "computer-user" is organized as a stream of geometric graph- 
ical data on a screen of monitor; an interactive information system will be called 
psychoinformation if an information transmitted by the channel "user-computer" is 
(completely or partially) subconscious. Thus, in the interactive systems that we are 
interested in the control is coupled with unknown or incompletely known feedback, 
systems with such control will be called interactively controlled. In general, an inves- 
tigation of interactively controlled (psychoinformation) systems for an experimental 
and a theoretical explication of possibilities contained in them, which are interest- 
ing for mathematical sciences themselves, and of "hidden" abstract mathematical 
objects, whose observation and analysis are actually and potentially realizable by 
these possibilities, is an important problem itself. So below there will be defined 
the notions of an interpretational figure and its symbolic drawing that undoubtly 
play a key role in the description of a computer-geometric representation of math- 
ematical data in interactive information systems. Below, however, the accents will 
be focused a bit more on applications to informatics preserving a general experi- 
mentally mathematical view, the interpretational figures (see below) will be used 
as pointers to droems and interactive real-time psychoinformation videosystems 
will be regarded as components of integrated interactive videocognitive systems for 
accelerated nonverbal cognitive communications. 

In interactive information systems mathematical data exist in the form of an 
interrelation between the geometric internal image (figure) in the subjective space of 
the observer and the computer-graphic external representation. The latter includes 
visible (drawings of the figure) and invisible (analytic expressions and algorithms 
for constructing these images) elements. Identifying geometric images (figures) in 
the internal space of the observer with computer-graphic representations (visible 
and invisible elements) is called a translation, in this way the visible object may be 
not identical with the figure, so that separate visible elements may be considered 
as modules whose translation is realized independently. The translation is called 
an interpretation if the translation of separate modules is performed depending on 
the results of the translation of preceding ones. 



Definition 1. The figure obtained as a result of interpretation is called an inter- 
pretational figure. 



Note that the interpretational figure may have no usual formal definition; namely, 
only if the process of interpretation admits an equivalent process of compilation 
definition of the figure is reduced to definitions of its drawings that is not true 
in general. So the drawing of an interpretational figure defines only dynamical 
"technology of visual perception" but not its "image" , such drawings will be called 
symbolic. 

The computer-geometric description of mathematical data in interactive infor- 
mation systems is closely connected with the concept of anomalous virtual reality. 
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1.2. Intentional anomalous virtual realities [l,2:App.A]. 

Definition 2 (cf.[l,2:App.A]). (A). Anomalous virtual reality (AVR) in a narrow 
sense means some system of rules of a nonstandard descriptive geometry adapted 
for realization on videocomputers (or multisensorial systems of "virtual reality" 
[3-6]). Anomalous virtual reality in a wide sense also involves an image in cy- 
berspace formed in accordance with said system of rules. We shall use the term 
in its narrow sense. (B). Naturalization is the constructing of an AVR from some 
abstract geometry or physical model. We say that anomalous virtual reality natu- 
ralizes the abstract model and the model transcendizes the naturalizing anomalous 
virtual reality. (C). Visualization is the constructing of certain image or visual 
dynamics in some anomalous virtual reality (realized by hardware and software of 
a computer-grafic interface of the concrete videosystem) from the objects of an ab- 
stract geometry or processes in a physical model. (D). Anomalous virtual reality, 
whose objects depend on the observer, is called an intentional anommalous virtual 
reality {I AVR). the generalized perspective laws for IAVR contain the interactive 
dynamical equations for the observed objects in addition to standard (geometric) 
perspective laws. In IAVR the observation process consists of a physical process of 
observation and a virtual process of intentional governing of the evolution of images 
in accordance with the dynamical perspective laws. 

In intentional anomalous virtual reality (IAVR) that is realized by hardware and 
software of the computer- graphic interface of the interactive videosystem being geo- 
metrically modelled by this IAVR (on the level of descriptive geometry whereas the 
model transcendizing this IAVR realizes the same on the level of abstract geometry) 
respectively, the observed objects are demonstrated as connected with the observer 
who acts on them and determines, or fixes, their observed states so that the objects 
are thought only as a potentiality of states from the given spectrum whose real- 
ization depends also on the observer. The symbolic drawings of interpretational 
figures may be considered as states of some IAVR. 

Note that mathematical theory of anomalous virtual realities (AVR) including 
the basic procedures of naturalization and thanscending connected AVR with the 
abstract geometry is a specific branch of modern nonclassical descriptive (computer) 
geometry. 

Definition 2D. The set of all continuously distributed visual charcteristics of 
the image in anomalous virtual reality is called an anomalous color space; the 
anomalous color space elements of noncolor nature are called overcolors, and the 
quantities transcendizing them in an abstract model are called "latent lights". The 
set of the generalized perspective laws in a fixed anomalous color space is called a 
color-perspective system; two AVRs are called equivalent if their color-perspective 
systems coincide; AVR equivalent to one realized on the videocomputer (but not 
realized itself) is called marginal. 

1.3. Non- Alexandrian interpretational geometry [7,2:App.A]. Note that 
the majority of classical geometries use a postulate that we shall call an Alexandrian 
postulate but do not include it explicitely in their axiomatics. 

The Alexandrian postulate. Any statement valid for a certain geometrical con- 
figuration continues to be valid if this configuration is considered as a part of a 
larger configuration. 
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Thus, the Alexandrian postulate means that an addition of any subsidiary ob- 
jects to the given geometrical configuration produces no effects on it. The Alexan- 
drian postulate is used, for instance, in constructive proofs of geometrical theorems 
realized by the explicit step-by-step construction of the objects, whose existence is 
stated by the theorem. In case of a violation of the Alexandrian postulate the pro- 
cess of constructive proof on each its step may use only configurations compatible 
with preceeding ones, i.e. not changing the properties that are the initial data of 
the theorem. 

As an example of non-Alexandrian geometry one may consider the Einstein ge- 
ometry [7,2:App.A]. The kinematics and the process of scattering of figures may be 
illustrated in the important example of another non- Alexandrian geometry, the ge- 
ometry of solitons [7,2:App.A]. All soliton geometries confirm the assumption that 
the breaking of the Alexandrian postulate is connected with the interaction of geo- 
metric figures, and in particular such interaction may be caused by the nonlinear 
character of an evolution. 

Let us consider the process of scattering of figures in interpret at ional geome- 
try. As noted above, an interpretational figure is described by the pair (<E> int , $ ext ), 
where $ mt is an internal image in the subjective space of the observer, and $ txe is 
its drawing; $ mt is the result of the interpretation of $ ext . It is antural to assume 
that $ mt depeneds on $ ext functionally: §\ nt = $ int [$^< t ] and, as a rule, nonlin- 
early; moreover, if $ ext is asymptotically free then $ mt is also asymptotically free. 
Consequently, the nontrivial scattering of interpretational figures is observed even 
for the linear dynamics of <E> ext , so the interpretational figures are non- Alexandrian. 

Thus, interpretational geometries realize a class of non- Alexandrian geometries. 
The constructive proof in the interpretational geometry, therefore, is in the explicit 
construction of the object, whose existence is stated by the theorem, as a result of 
a step-by-step process of constructing of intermediate configurations of interpreta- 
tional figures, whereas the correctness of proof is guaranteed on each step of the 
proof by the claim for properties of the startpoint configuration that are initial data 
of the theorem to be unchanged in the process of interpretation. If the least is ver- 
ified experimentally for each concrete process then the proof has an experimentally 
mathematical character being based on the incomplete induction; note that the 
similar procedures are used in many self-educating systems of artificial intelligence, 
in which possible combinations of steps are realized (sometimes statistically) with 
subsequent verification of their correctness (a method of the random seeking for 
solutions) . 

1.4. Informational aspects of interpretational geometries: interpreta- 
tional figures in the multi-user mode and IAVR-teleaesthesy. This para- 
graph containes a brief exposition (without detailing) of general results of the second 
part of the article [7] , which were not included into an appendix A to the article [2] 
and which treats information aspects of interpretational geometries. The motivation 
for such consideration lies in the remark of [7] that informatics may be considered 
as a point of view on mathematical objectcs complementary to geometric one (in 
view of the fundamental opposition of "logical" and "eidetical" ) . So it is convenient 
to reformulate the main geometrical definitions in terms of informatics. Thus, the 
introduced in the second part of the article [7] concepts of AVR-photodosy and 
its formal grammar are a natural parallel to concepts of anomalous virtual reality 
and transcending abstract model. Note, however, that in view of methodological 
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considerations these concepts are considered now only purely formally and as real- 
izing the "lower" or "external" visual level of "multifibred" videocognitive semantic 
stream. Their deeper (but more than incomplete) analysis was performed in the 
fourth paragraph of the article. 

Definition 3A. An information transmission via anomalous virtual reality by "la- 
tent lights" is called AVR-photodosy; the system of algebraic structures of the initial 
abstract model, which characterize AVR-photodosy under a naturalization, is called 
the formal grammar of AVR-photodosy. 

Note that the concepts of AVR-photodosy and its formal grammar are deeply 
related to one of anomalous color space because it is namely using of such spaces 
allows to transmit diverse information in various forms and as a sequence the inves- 
tigation of problems of information transmission via AVR, whose character depends 
on the structure of an anomalous color space, is an important mathematical problem 
(cf.[8]). A structure of AVR-photodosy is determined by its formal grammar. As 
it will be shown in the next paragraph the formal grammar of interpretational ge- 
ometries may have a quantum character and, therefore, the related AVR-photodosy 
obeys quantum logic [9] ; this fact undoubtly claims an intent attention as theoreti- 
cally obtained complex perceptive-cognitive analog of very interesting and carefully 
investigated by scientific groups of mathematicians, physicists, psychologists and 
neurophysiologists (as theoretically as experimentally) purely cognitive processes, 
which obey quantum logic. Note that the formal grammar of AVR-photodosy in 
some concrete models of interpretational geometry was discussed in the second part 
of the article [7] with the citing of numerous literature. 

It is necessary to note that IAVR is polysemantic as a rule; it means that a 
volume and a structure of information received by AVR-photodosy via it depends 
on observer; so a natural problem is in the description of informatics of interactive 
psychoinformation systems with more than one observer, in particular, the corre- 
lation of different observations. Such systems may be considered as realizing an 
interactive MISD (Multiple_Instruction-Single_Data) architecture with parallel in- 
terpretation processes for different observeres (this fact should be regarded in the 
context of a remark on the quantum-logical character of AVR-photodosy); on such 
way we encounter a phenomenon specific for such systems but perphaps having a 
general meaning: namely, the observation process for different observers generate 
an information exchange between them. 

Defintion 3B. AVR-photodosy via IAVR from an observer to another is called 
the IAVR-telecesthesy; if in the process of IAVR-teleaesthesy AVR-photodosies from 
different observers do not obey the superposition principle, we shall say that a 
collective effect appears in the IAVR-teleaesthesy. 

Note that (1) the process of IAVR-teleaesthesy has a two-sided character; ob- 
servers entering LAVR-teleaesthetic communication are simultaneously inductors 
(who send an informations) and recepients (who receive it), moreover, a volume 
and a structure of received information depends on a recepient as well as on an 
inductor; (2) a collective effect in IAVR-teleaesthesy means that in IAVR the in- 
ductors are not considered as independent, the transmitted information is not a sum 
of informations sent by particular observers because the partial information streams 
from each inductor participate in the exchange interaction and form a specific in- 
formation received by a recepient. In this aspect it should be marked a relation 
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of the origin of IAVR-teleaesthesy to the fact that interactive psychoinformation 
videosystems realize an interactive MISD architecture. 

Definition 3C. An observer in the marginal AVR, to which none observer can 
be related in the AVR realized on videocomputer, is called virtual; and virtual 
observer, whose observation process depend on several real observers, is called the 
collective virtual observer. 

A presence of virtual observer means that a part of received information is in- 
terpreted as an information sent by this really non-existing observer. A presence 
of collective virtual observer is not obligatory but common for interactive videosys- 
tems in a multi-user mode; this fact should be also considered in the context of 
a remark that such systems realize an interactive virtual MISD architecture with 
parallel interpretation processes for different observers. 

In the second part of the article [2] the exposed general concepts are illustrated 
on a concrete model of interpretational geometry, in particular an example of col- 
lective virtual observer is given that clarify its meaning. Thus, it is mentioned 
that (1) only a part of received information is interpreted as an information sent 
by collective virtual observer (i.e. its presence does not demolish a presence of 
real observers), (2) the process of intentional govern by collective virtual observer 
is completely determined by interactions of real observers (i.e. collective virtual 
observer is represented as a specific unified state of real observers in the interac- 
tive psychoinformation system in a multi-user mode), (3) collective virtual observer 
enters an information exchange with real observers being interpreted (at least, for- 
mally) as an independent observer. In this case it is an important but completely 
unexplored question on an interaction of individual real observers with collective 
virtual observer, on a decomposition of the latter on the non-correlated components 
(quasisubjects) and on their interaction with each other. 

In conclusion let us formulate a proposition proved at the end of the second part 
of the article [7] by an explicit construction. 

Proposition. There exist models of interpretational geometries in which there are 
interpretational figures observed only in a multi-user mode. 

It is rather interesting to explicate a meaning of mechanics of observation of such 
figures in a context of general mathematical game theory [10,11]. 

Unfortunately, in spite of all its advantages the described mechanism of IAVR- 
teleaesthesy apparently does not allow to transmit cognitive information directly. 
Namely to a description of an attempt to adapt IAVR-teleaesthesy for a realization 
of the accelerated nonverbal cognitive communication in integrated videocognitive 
interactive systems the third and the fourth paragraphs of the article are devoted. 

§2. Operator (quantum-field and stochastic) methods 
in the theory of interactive dynamical videosystems 
and noncommutative descriptive geometry 

This paragraph is devoted to formalization and detailing of the exposed in the 
previous one intuitively clear geometric picture and to elaboration of the adequate 
algebraic and analytic methods. As a result of realization of such intentions we shall 
have a possibility of a more precise mathematical description of concrete models as 
for further explication of general geometric aspects as for concrete hardware and 
software elaboration for concrete interactive real-time videosystems. 
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2.1. General operator aspects of interactive dynamical videosystems 
and noncommutative descriptive geometry. There exist several widely used 
general ways to define an evolution of images in the real-time interactive dynamical 
videosystems. Let us expose some of them: 

(1) Euler formulas [12]: 

$(t) = A(t,u, u,£)Q(t), 

where u = u(t) 6 C ~ f 2 is a current position of a sight point (the screen 
is considered as a part of the complex plane C ~ M 2 ), u = u(t) is the 
relative velocity of its movement, £ = £(£) are additional parameters of 
an interactive control, $ = $(£) is a set of continuously distributed chiral 
(i.e. holomorphically-antiholomorphically decomposed, see [1]) visual char- 
acteristics of an image (colors and overcolors), A = A(t,u,ii,£) is a linear 
operator. The linear operator A as a function on u and dotu is called the 
angular operator field, the field A (unbounded, in general) holomorphically 
depends on u and u and (weakly) continuous on £ in suitable (not obligatory 
metrizable) general topology on the space of parameters of the interactive 
control (e.g. biopotentials of EEG and ERG, dynamical parameters of a res- 
piratory rythm, etc., and also functional complexes of these magnitudes). 
The dynamics of angular operator field on the variable t may obey some 
differential equation (e.g. Euler- Arnold equation [13]). 

(2) Euler-Belavkin-Kolokoltsov formulas [2]: 

d$(t, [u]) = A(t,u, u,^(t)dt+^2B a (t,u, [oo})du {a \ 

ct 

where dw^ a ' is a set of stochastic differentials. In practice, sometimes the 
fields A(u, u) and B a (u, u) may include (weak) nonlinearities. The dynamics 
of fields by the variable t may obey just as in the deterministic case to some 
differential equation such as Euler- Arnold equation [13]. 

(3) Models with dynamical interctive screening [1]: In these models the collec- 
tion of colors and overcolors \& = \I/(£) is represented as 

where $ = <fr(f) obey Euler formulas or Euler-Belavkin-Kolokoltsov formu- 
las whereas J = J(t, u,ii,£) is a linear operator (a projector with nontrivial 
kernel as a rule), which as a (holomorphic) function on u and u is called the 
screening operator field; the screening operator field as well as the angular 
and other operator fields accounted in the evolution equations for an image, 
is (weakly) continuous on £ in a suitable (not obligatory metrizable and, 
perhaps, specific for each operator field) general topology on the space of 
parameters of the interactive control. 

(4) Models with memory [1]: In this case the dynamics of colors and overcolors 
depends on the hystory (e.g. is integrodifferential in time). 

Some concrete realizations of dynamics described above are rather well investi- 
gated experimentally (for instance, the so-called systems with partial dragging and 
masking - see [1]). 
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The operator (quantum-field and stochastic) methods play an important role in 
the analysis of all these models (on the stability of image, etc.) (see e.g. [1,2, 7, 12, 13]). 
As a rule the using of quantum-field methods is based on the following supposition, 
which is called the operator algebra hypothesis, namely that the coefficients of ex- 
pansions of operator fields, which enter the dynamical equations, by all variables 
except u being operator fields on u form a closed operator algebra of quantum 
field theory. So it is supposed that some magnitudes characterizing an evolution 
of the system form an algebraic object, whose definition is below. Note that in 
some specific classes of models the hypothesis of operator algebra may be formally 
proved. 

Definition 4A. The QFT-operator algebra (the operator algebra of quantum field 
theory) is a linear space H supplied with an operation mg(-, •) depending on the 
parameter x from M, n or C n , for which the identity m$(-, mg(-, •)) = m y -(m x ^g(-, •), •) 
holds. Otherwords, QFT-operator algebra is a pair (H, t^(x)), where if is a linear 
space and t^(y) is a if-valued tensor field on MJ 1 or C n such that ti m (x)t™ k (y) = 
tij (y — y)t l mk (y) . The field t^(x) realizes the operation mj(-,-): mg(ei,ej) = 
t^j(x)ek, where {et} is an arbitrary basis in H. 

Let us introduce the operators lg(ei)ej = tij(%) e k (operators of the multiplication 
from the left in QFT-operator algebra) then the following identities: ls(^i)ly(^j) = 
t!?j(x — y)ly(ek) (operator product expansion) l$(ei)ly-(ej) = ly-(l$-y-(ei)ej) (duality) 
hold. 

As a rule in the literature on mathematical physics the notation <p(x) is used for 
operators l$((p) (<p € H). The quantities (p(x) are called operator fields. In terms 
of operator fields the operator product expansions are written as 

(pi(x)<p 2 (y) = F a (x - y)ip a (y) 

that means the decomposability of products of operator fields by operator fields 
of QFT-operator algebra themselves. If a set of concrete operator fields is closed 
under such decompositions then they represent an abstract QFT-operator algebra. 

If dt^j = then QFT-operator algebra is an ordinary associative algebra. An 
element <p of QFT-operator algebra is called the left divisor of zero if lg((p) = 
0; the unit in the QFT-operator algebra H is an element 1 such that Z#(l) = 
id; the identity lx(f)\^ = o = <P holds in any QFT-operator algebra with unit and 
without left divisors of zero; if V is the linear space of left divisors of zero in 
the QFT-operator algebra H then (Vv? G H)l s (ip)V C V and H/V is a QFT- 
operator algebra without left divisors of zero. There is defined the operator L (the 
operator of infinitesimal translations) in any QFT-operator algebra with unit 1: 

— * i I — * 

hip = -^(Ig(ip)l) |^_ , the operator of infinitesimal translations L is a derivative 
of QFT-operator algebra H without left divisors of zero, i.e. for each ip from H 
the identity [L,l^(<p)] = lg(L<p) holds; as a sequence l^(ip)l = exp(a ? • £)<p. If H 
is an arbitrary QFT-operator algebra and L is its derivative then the linear space 
H = H © (1) is supplied by the structure of a QFT-operator algebra with unit 1: 
ls(<p)l = exp(x-L)<p, l s (l) = id. 

Instead of QFT-operator algebras it is reasonable sometimes to consider the 
related local field algebras, the ordinary associative algebras, which are received from 
QFT-operator algebras by a renormalization of the pointwise product of operator 
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fields (note that as a rule tensor fields t k Ax) are singular at the point x = 
and, therefore, the pointwise product of operatorfields is either formally infinite or 
indefinite). A procedure of renormalization was described in the article [14]. For 
simplicity let us consider the specific case when x = u is from the complex plane 
and operator fields are meromorphic on u. 

Besides the operator fields (p(u) parametrized the elements <p of the space H let 
us consider the expressions 



The operator (p(f) is corresponded to an element ip of the space H and to a mero- 
morphic function f(u) (or to a meromorphic 1-form /(it) if )• in y i ew of operator 
product expansions the product (Pa(f)(pp{.g) of two operators <f a (f) and <pp(g) is 
correctly defined and admits a representation 



(*) vMfoM = <Pi(K/3)> where h lp( u ) = r f s \ tlpiv ~ u )f( v )~ \ 9(u). 



This procedure is a renormalization of the pointwise product of operator fields 
in QFT-operator algebra. The operator product expansions are interpreted as a 
regularization of the pointwise product and functions / and g as parameters, on 
which a result of renormalization depends. An influence of change of functional 
parameters on the result of renormalization (renorm-invariance) is described by 
formulas (*). 

Operators ifi(f) are closed under their multiplication and form an associative al- 
gebra %l(H). This associative algebra is called the local field algebra corresponded 
to the QFT-operator algebra H. As a rule the noncommutative local field algebra 
2t(if) for the meromorphic QFT-operator algebra H may be regarded as a struc- 
tural ring of some noncommutative manifold (noncommutative bundle over CP 1 
or noncommutative covering CP 1 ) (cf. [15-17]), and, thus, to interpret the operator 
methods in the theory of the real-time interactive dynamical videosystems as the 
noncommutative descriptive geometry (cf.[13]). 

2.2. Group theoretical and algebraic aspects of the interactive dynam- 
ical videosystems. As a rule it is reasonable to consider those concrete models 
of interactive dynamical videosystems, which possess some form of invariance with 
respect to geometrical transformations of image or internal transformations of the 
color space. One of the simplest form of a geometric invariance is one with re- 
spect to projective transformations of CP 1 , i.e. the group PSL(2, C) or its Lie 
algebra s((2, C) though in a concrete realization really the models may be con- 
sidered with an invariance broken to translations and scaling transformations (an 
example is the cutting off angular field in the article [1]). The presence of projec- 
tive invariance means the invariance of evolution equations (Euler formulas, Euler- 
Belavkin-Kolokoltsov formulas, etc.) that put some conditions on operators and 
operator fields entering these equations. Projective invariance of operator fields al- 
lows specify their form in a certain extent (in particular, to describe their analytical 
dependence on u and u) what was done in [12]. On another hand the projective 
invariance of operator fields implies the projective invariance of all constructed al- 
gebraic structures (QFT-operator algebras and local field algebras). A systematical 



<P(f) = res {/(w)^(w)— 1 



lim {f(u)<fi(u) — singularities} . 





10 



analysis of the projectively invariant structures (operator algebras of quantum pro- 
jective field theory and local projective field algebras) was done in the article [18]. 
Let us expose the necessary definitions and results following [18,19]. 

Definition 4B [18,19]. A QFT-operator algebra (H,t^(u);u € C) is called the 
QPFT-operator algebra (the operator algebra of quantum projective field theory) if 
(1) the space H is a sum of Verma modules V a over sl(2, C) with extremal vectors v a 
and extremal weights h a , (2) l u (v a ) is a primary field of spin h a , i.e.. [L^, l u (v a )] = 
(— u) k (ud u + (k + l)h a )l u (v a ) , where aresl(2, C)-generators ([Li, Lj] = (i—j)L i+ j, 
i,j = —1,0,1), (3) the descendant generation rule L-il u (f) = l u (L-\f) holds. 
A QFT-operator algebra (H,w k j(u);u E C) is called the derived QPFT-operator 
algebra if the conditions (1) and (2) hold together with the derived descendant 
generation rule: [L_ u l u (f)] = l u (L_ x f). 

As it was shown in the article [19] the categories of QPFT-operator algebras and 
of derived QPFT-operator algebras are equivalent. An explicit construction of their 
equivalence is presented there. As a sequence QPFT-operator algebras and derived 
QPFT-operator algebras may be regarded as different recordings of the same object 
and the most convelient one may be used in a concrete situation. 

It is necessary to note that L = ad(L_i) in QPFT-operator algebras with unit 
whereas L = L_i in derived QPFT-operator algebras with unit. Examples of 
QPFT-operator algebras were considered in [18,1,13]. 

In the structural theory of QPFT-operator algebras a crucial role is played by 
one concrete QPFT-operator algebra, the algebra Vert(s((2, C)) of vertex opera- 
tors for the Lie algebra sl(2, C), whose construction is contained in [18,19]. This 
algebra is realized in the skladen' (= 'unfolding' in Russian, here we use a direct 
transliteration) of Verma modules over the Lie algebra sl(2, C) and admits a strict 
representation by operator fields in the model of Verma modules over sl(2, C). The 
meaning of this algebra is explicated by the following theorem. 

Theorem 1 (see [18]). An arbitrary abstract QPFT-operator algebra may be real- 
ized as a subalgebra in the algebra Mat n (Vert(sl(2, C))) of matrices with coefficients 
in Vert(sl(2, C)) for some n (finite if the QPFT-operator algebra contains a finite 
number of primary fields and infinite otherwise). 

The algebra Vert(s((2, C)) of vertex operators for the Lie algebra sl(2, C) has 
some additional features. Thus, for instance, its primary fields form an infinite 
dimensional Zamolodchikov algebra [18]. 

A detailed information on this algebra, other QPFT-operator algebras, local 
projective field algebras (LPFAs), their structural theory and relations to classical 
algebraic structures may be found in [18,19]. 

Besides spatial symmetries the models of interactive dynamical videosystems 
may possess internal symmetries, for instance, color ones [1]. If such symmetries 
are described by the group G then the related evolution equations should be G- 
invariant and algebraic structures characterizing the equations should possess G 
as a symmetry group. The mechanisms of that were carefully investigated in the 
article [13] (see also [1]). In this case the main algebraic objects are the so-called 
projective G-hypermultiplets, whose definition is given below. 

Definition 4C [13]. A QPFT-operator algebra (derived QPFT-operator algebra) 
(H, 
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t^Au)) is called the projective G-hypermultiplet if the group G acts in it by au- 
tomorphisms, otherwords, the space H admits a structure of representation of the 
group G, the operators of representation T(g) commute with the action of sl(2, C) 
and l u (T(g)f) = T(g)l u (f)T(g- 1 ). 

The linear spaces of the extremal vectors of the fixed weight form subrepre- 
sentations of the group G, which are called the multiplets of the projective G- 
hypermultiplet. Projective G-hypermultiplets with G D SU(3) describe the alge- 
braic structure of a color space in projectively invariant IAVR [1]. Some concrete 
projective G-hypermultiplets (canonical and hypercanonical ones as well as their 
specific cases, the g#-conformal field theories) were investigated in details in the 
articles [13,1,18]. Note also that directly of after a slight modification many meth- 
ods of a well-elaborated quantum conformal field theory are applicable to these 
concrete projective G-hypermultiplets [13,18] (in particular, one may adapt the 
Sugawara construction, Fubini-Veneziano fields and vertex constructions, Virasoro 
master equations, modular functor, etc. to them). 

§3. Organization of the integrated real-time 
interactive videocognitive systems 

This paragraph is devoted to general principles of an organization of integrated 
real-time interactive videocognitive systems. Integrated systems consist of two si- 
multaneously working subsystems, one of which is artificial (an interactive dynam- 
ical videosystem as a rule) and another is natural (sensorial, respiratory, cognitive 
or complex). It is necessary to mention that the most of all real videosystems are 
implicitely or explicitely integrated videocognitive ones, so it is a strong interest 
namely to the integrated interactive systems. 

However, before to begin an investigation of integrated interactive system it is 
necessary to give an analysis of natural interactive systems to understand the laws 
of their working as parts of integrated systems. It is reasonable to begin from the 
simplest sensorial-type systems, then to transit to the related integrated systems 
(videosensorial and videorespiratory) and only then to concentrate an attention on 
the properly videocognitive systems. 

3.1. Visualization as method of the description of a class of physi- 
cal interactive information systems [18,20]. Let us expose following [18,20] 
the general principles of virtualization of natural physical interactive systems as a 
method of their kinematical description. 

Definition 5 [20] . The image of a natural interactive system by artificial interac- 
tive videosystem is the fixing of an algorithm of the construction of a dynamical 
image of any interactive process in the natural system by use of the intentional 
anomalous virtual reality realized by the computer-graphic interface of the artifi- 
cial interactive videosystem. The virtualization of a natural interactive system is 
the constructing of its image by the artificial interactive videosystem using some 
set of experimental data on the system in the stationary regime. The initial natural 
interactive system will be called the realisation of the artificial interactive system. 

Otherwords, virtualiation of a natural interactive system allows to construct a 
dynamical image of any arbitrary (not obligatory self-oscillating) interactive process 
by some artificial interactive system using only haracteristics of a certain finite 
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set of self-oscillating interactive processes. A choice of the term "virtualization" 
is motivated by the fact that a dynamical image of the interactive process is an 
anomalous virtual reality in a wide sense. 

In view of the decomposition of the natural interactive systems of our interest 
onto an active and a passive components (the active and the passive agents) the 
characteristics of the stationary self-oscillating process are divided on the graphical 
data on the dynamical state of the passive agent and the amplitude-frequency 
characteristics of the active agent. Virtualization of a natural interactive system 
is reduced to an algorithm of the secondary synthesis [20] of graphical data on a 
dynamical state of the passive agent in any interactive process by the fixed collection 
of such data for some set of the stationary self-oscillating processes as well as of 
the corresponding amplitude-frequency characteristics of the active agent in such 
processes; the principal structurally algorithmic scheme of virtualization of natural 
interactive systems based on the using of the secondary synthesis is exposed in the 
article [20]. 

The criterion of the adequacy of an image and of the correctness of virtualization 
[20]. A virtualization of the natural interactive system is correct if the received 
image of this system by some artificial interactive videosystem is adequate to the 
initial system, i.e. under the simultaneous working of both artificial and natural 
interactive systems with the same active agent the reproducing of an image of 
certain interactive process (under the certain state and decision of the active agent) 
allows to provoke its controlled performance in the natural interactive system. 

Certainly, the image may be constructed one time on the basis of the experi- 
mental data on the working of the natural interactive system with an active agent 
different from that acts in the reproducing of the image. Note also that under the 
reproducing of the image a simultaneous collective working of two different inter- 
active (artificial and natural) systems with the same subject is supposed. Thus, 
the main difference of the virtualization from the mathematical model is in the fact 
that the least is a pure descriptor of the physical process whereas the first is its 
descriptor-constructor. 

Let us formulate some phenomenological principles, whose fulfilment is appar- 
ently necessary for a correctness of virtualization: 

- The principle of is o structural ideographicity of virtualization [20]: Virtualization 
of a natural interactive system should be performed in a manner that the obtained 
image and the initial system have the same structures; 

- The principle of dynamical equivalency of intentions [20]: Virtualization of a 
natural interactive system should be performed in a manner that the parameters 
characterizing the intensity of intension of a subject on an object coincide for its 
and its image during the dynamical subject-object interaction. One may consider 
a correlation of the behavioral reactions of a subject and dynamical characteristics 
of an object as such parameter. 
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3.2. Examples of an organization of the integrated interactive systems 
and perspectives for their development [20]. The interactive systems may 
be divided on the following classes: 

- By the origin: on artificial, natural and integrated. 

- By the type of interface on videosystems, audiosystems, general sensorial 
(including tactile), respiratory and complex (audiovideosy stems, videosen- 
sorial, videorespiratory, etc.). 

- By the goals: on the systems of management, the systems of observation, 
analysis and accumulation of information, the systems for self-regulation 
and autotraining, the communication systems. 

- By the number of users: on the systems in one- and multi-user modes. 

The most interesting systems (among many others) are the following types of 
the interactive systems: (1) artificial videosystems of the "automatical arrangement 
of perception", including multi-user ones based on the secondary image synthesis 
(SIS) [20], (2) the systems, which include the preceeding ones as a subsystems, the 
integrated videosensorial systems of an interactive vision, (3) the integrated video- 
respiratory systems for self-regulation, autotraining and cognitive stimulation, (4) 
integrated multi-user videocognitive systems for an accelerated nonverbal commu- 
nication. 

The most perspective in the SIS systems [20], which play a key role in the pro- 
jecting of many integrated systems, is apparently an investigation of intellectual 
SIS systems with a dynamical interactive tuning (as well as an eleboration of por- 
tative videosystems of synchronous SIS and complex multi-user systems). The 
SIS systems with dynamical interactive tuning may be considered as systems of 
the "automatical arrangement of perception" in the context of an activity on the 
computer systems of the interactive "automatical painting" as well as of investiga- 
tions of the synthetical perception. It is reasonable to study octonionic anomalous 
3D stereosynthesis [1], chiral dissimmetry of the visual analyzer in interactive pro- 
cesses and its iinfluence on the stereosynthesis. It is important to investigate the 
simultaneous working of natural interactive systems and their virtualizations for an 
elaboration of the integrated interactive systems realizing an "integrated reality" as 
an alternative to the systems of "virtual reality" . To the integrated systems, which 
include the artificial interactive videosystems for the automatical arrangement of 
perception as parts, one should attribute the integrated videosensorial systems of 
the interactive vision with a natural sensorial subsystem and the integrated vide- 
orespiratory interactive systems (i.e. interactive videosystems with a respiratory 
modulation or, in general, a transformation of visual interactive processes) for the 
psychophysiological autotraining (as passively relaxational as actively dynamical). 

3.3. An organization of the integrated real-time videocognitive systems 
for the accelerated nonverbal cognitive communication. Some cognitive as- 
pects of the interactive computer graphics in general were considered in the mono- 
graph [21]. In this article we are interested in the cognitive aspects of the communi- 
cation real-time interactive videosystems (as well as their integrated videosensorial 
counterparts) . 

As it was marked above the direct using of IAVR-telesesthesy does not appar- 
ently allow to realize a cognitive information transfer. On another hand integrated 
videocognitive communication interactive systems can "inherit" the useful proper- 
ties of their subsystems realizing IAVR-telesesthesy but also can transfer a com- 
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plex cognitive information. Thus, an approach to elaboration of such "derived" 
integrated systems for an accelerated nonverbal cognitive communication based on 
application of IAVR-telesesthesy (see above) as a mechanism of the preliminary 
recognition and the interactive self-tuning of communications "keys" of subjects as 
well as their dynamical synchronization should provide the users by the channelwise 
interactive establishing of the communication "keys" and, therefore, the principal 
noninterpretability (nondecipherability) of the communication from the outside. 
The realizability of such scheme is based on several circumstances: (1) the presence 
of interpretational figures observed only in the multi-user mode together with other 
features of the multi-user mode in interpretational geometry discussed above (e.g. 
the polysemanticity and quantum logical character of communication, which allows 
to use some ideas and methods of quantum cryptography [22-25]), (2) the ability 
of interpretational figures to be pointers on the videocognitive objects on another 
nature, which are dynamically reconstructed in real time by users during the com- 
munication. Such objects will be called the dynamically reconstructed objects of 
experimental mathematics of briefly "droems". So the stream of visual information 
between users, which was analyzed in §1.4, organizes a more complex stream of 
videocognitive information between them (note that though the transmitted infor- 
mation is cognitive the process of its transmission has an interactively controlled 
and partially subconscious character so that the two-sided stream of the interactive 
videoinformation may be considered as a psychosemantical context of the cognitive 
information exchange). The initial interpretational geometry (more precisely, the 
interactive videosystem, its "bearer" ) is a virtualization (a descriptor-constructor) 
of the realized cognitive interactive system. To a discussion of the mathematical 
aspects of the theme, namely, to droems and their dynamical reconstruction we 
shall transit in the following paragraph. 

§4. Droems and their dynamical reconstruction 

This paragraph is devoted to droems and their dynamical reconstruction. Though 
in general this process as well as a general nature of droems are not completely 
clear even on a conceptual level (though droems are apparently related to the so- 
called dynamical simulacres of notions [20:note 5]) some individual examples may 
be analyzed rather formally, that makes clear some general mechanisms. The ex- 
ample, which will be treated below, is related to the infinite dimensional geometry 
and may be characterized as an answer on the question whether it is possible to 
observe infinite dimensional objects, otherwords, whether the descriptive infinite 
dimensional geometry is possible and how. As we shall see the using of the inter- 
active videocognitive systems, droems and their dynamical reconstruction solves 
this question positively in principle in some sense that allows to use the methods of 
experimental (computer) mathematics for an investigation of infinite dimensional 
geometrical objects. Note that some aspects of the infinite dimensional descriptive 
geometry were theoretically discussed in [26]. 

It is convenient to discuss two technical questions (see 4.1. and 4.2. below) to 
the example itself (see 4.3., 4.4. below). 

4.1. Organization of the cyberspace [7,2:App.A]. For simplicity let our im- 
age dynamics be defined by the Euler formulas, which are coupled with some explicit 
dependence of angular fields on time, so that their collection is projective-invariant 
in scope. The cyberspace consists of the image space Vj with the fundamental 
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length (the step of lattice) Aj and the observation space Vo with the fundamental 
length Ao; the space Vj is one for images whereas Vo is used for data on the eye 
motions; it is naturally to claim that Aj ^> Ao- The Euler formulas may be written 
as $t = A t ^(u,u)3>t, we shall suppose that the components of a decomposition of 
the angular field A t ^(u, u) by u generate a QPFT-operator algebra of (/^-conformal 
field theory [18], i.e. they are the $1(2, C)-primary fields in the Verma module Vh 
over the Lie algebra $1(2, C). The angular field At^(u,u) may be approximately 

represented as M x (t, QuV^u) + M 2 (t, £)u 2 V 2 (u)-\ \-M n (t, £)ii n V n (u), where the 

magnitudes Mj(t, £) realize the explicit dependence of the angular field on time 
and nongeometric dynamical parameters such as biopotentials of EEG or data on 
the respiratory rythm, and Vi(u) are $1(2, C)-primary fields of spin i in the Verma 
module Vh over the Lie algebra $1(2, C). The explicit formulas for these fields are 
written, for instance, in [16], as well as their discrete (lattice) counterparts, which 
are used in practice (in this case n is equal either to 2 or 3). 

4.2. Cutting off the angular field [1]. From the practical point of view it 
is reasonable to consider the cutting off A cut (u, u) the angular field A(u,ii) in its 
regular part, which does not contain the degrees of u more than N. It is supposed 
that A cut (u, u) is translation and scaling invariant whereas the dilatation invariance 
is broken. For instance, the components of the cut-off g^-affine current J cut (u) 
($1(2, C)-primary field of spin 1 in Verma module Vh over the Lie algebra $1(2, C)) 
are dfined by the operators J£ ut = J k = d z , J™£ = z k A\P(zd z ) (A + f(x) = 
f(x + 1) — f(x)), where P(zd z ) is a polynomial of a degree N, for instance, such 
that P(zd z )z l = 2ti+i zt ' * — The Verma module Vh is realized in the space of 
polynomials of a variable z, $1(2, C)-generators have the form L\ = (zd z + lh)d z , 
Lq = zd z + h, L_i = z. The polynomial P(zd z ) uniquely determines an operator 
Ll ut such that [L^ ut , J™*] = 1, [L^ ut ,L ] = L^ ut ; L^ ut is the cut-off dilatation 
operator: L^ ut = zP~ 1 (zd z ). The operators L^ ut , L , L_i form the so-called 
nonlinear sl 2 [27] with relations 

[L ,L_!] = L_ l7 [L?\L ] = L^, [^ ut ,^-i] = h(L ), 

where h(x) = p^+i) ~ p^x)' ^ ms nonlinear sl2 describes a breaking of projective 
invariance under the cutting off procedure. 

In particular cases the cutting off procedure at N = 1 and A(u, u) = J(u)u 
realizes an interactive videosystem with a partial dragging and masking, i.e. 

= <$> u (x) = f(\x - u\)Q (x - 7«), 

where 7 is the dragging coefficient, / is the masking function, u = u(t) is the sight 
point position. Videodata may be multifibred with the dragging coefficient and the 
masking function specific for each fiber. 

A transition to the discrete (lattice) version after the cutting off does not provoke 
any problems. 

4.3. Infinite dimensional dynamical symmetries of the interactvely con- 
trolled videosystems. The infinite dimensional dynamical symmetries of the 
interactively controlled videosystems, whose evolution is described by the Eu- 
ler formulas or Euler-Belavkin-Kolokoltsov formulas (perhaps coupled with Euler- 
Arnold equations) with operator fields generating a QPFT-operator algebra of 
Qfl-conformal field theory may be constructed in one of three equivalent ways. 
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Mode 1 [18]. Generators of the infinite dimensional dynamical symmetries are 
just the sl(2, C)-tensor operators in Verma modules Vh over the Lie algebra sl(2, C), 
which are transformed under an action sl(2, C) as holomorphic n-differentials in the 
unit complex disk D + (n G Z_), i.e. as m-polyvector fields (m G Z+). Therefore, 
the generating functions for generators of the infinite dimensional dynamical sym- 
metries are sl(2, C)-primary operator fields in of spin m. 

Mode 2. The action of the Lie algebra s((2, C) in its Verma module Vh may be 
extended to the representation T of the Lie algebra W\ of formal vector fields on 
a line [28] . Namely, if the Verma module Vh is realized in the space of polynomials 
of a complex variable z and sl(2, C)-generators have the form L_i = z, L = 
zd z + h, L\ = zdl + 2hd z then other generators of the Lie algebra W\ are defined 
by the operators L\~ = zd z +1 + (k + l)hd z (k > 2). If the Verma module is 
unitarizable then the generators of the infinite dimensional dynamical symmetries 
corresponded to the sl(2, C)-primary field of spin 2 are represented in the form 
T(X) or T*(X), where X G W\. In the nonunitarizable case one should use an 
analytical continuation on the parameter h. To receive generators of the infinite 
dimensional dynamical symmetries related to the 5 1(2, C) -primary field of spin 1 it 
is necessary to extend the action of the Lie algebra W\ in the Verma module Vh 
to the representation T of the semi-direct sum of this algebra and the abelian Lie 
algebra C[z] in Vh- This representation being reduced onto C[z] is a representation 
of this algebra not only as abelian Lie algebra but also as a commutative associative 
algebra, its generator z is mapped to the operator d z . The generators of the infinite 
dimensional dynamical symmetries related to the sl(2, C)-primary field of spin 1 has 
the form T(X) or T*(X), where X G C[z]. An analogous slightly more complicated 
construction allows to receive other infinite dimensional dynamical symmetries. 

Mode 3. Let us extend the representation of the Lie algebra sl(2, C) in its 
Verma module Vh to a representation T of the Lie algebra Vect c (S' 1 ) of smooth 
C- valued vector fields on a circle 5" 1 (more precisely, of the Z-graded Witt alge- 
bra of polynomial vector fields) in the module of functional dimension 1. Let us 
denote by P the natural sl(2, (C)-invariant projector of the space End(V(h)) onto 
the space End (14). The infinite dimensional dynamical symmetries corresponded 
to the sl(2, C)-primary field of spin2 have the form P(T(X)) (X G Vect c (5 1 )). To 
receive other infinite dimensional dynamical symmetries it is necessary to consider 
the Lie algebra DOPj. ^S 11 ) of all differential operators instead of the Lie algebra 

Vect c (5' 1 ) of all vector fields. 

An algebraic structure of these infinite dimensional dynamical symmetries was 
unraveled in the articles [29,30]. Let us give the final formulation of results. 

Theorem 2A. The infinite dimensional dynamical symmetries corresponded to 
the sl(2, C)-primary field of spin 2 form a TCS -projective representation of the Lie 
algebra Vect c (5' 1 ) in the unitarizable Verma module Vh (i.e. a representation up to 
Hilbert- Schmidt operators) as well as an asymptotic representation of this algebra 
"mod 0(H)" (in sense of [31]; K = h — \). All collection of the infinite dimen- 
sional dynamical symmetries form a TiS -projective and asymptotical "mod 0(h)" 
representations of the Lie algebra DOP^.](5' 1 ). 

The statement of the theorem can be easily derived from the third mode to define 
the infinite dimensional dynamical symmetries. 

A part of the infinite dimensional dynamical symmetries may be "globalized" 
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[30]. Let us formulate the final result. 

Theorem 2B. The infinite dimensional dynamical symmetries corresponded to 
the sl(2,C) -primary fields of spin 1 and 2 are exponentiated to a projective JiS- 
pseudorepresentation [30] of a semi-direct product of the group Diff + (5' 1 ) of diffeo- 
morphisms of a circle and the loop group Map(5' 1 , U{1)), which is also an asymp- 
totic representation "mod 0(H)". 

The theorem 2B admits an analog for the infinite dimensional dynamical symme- 
tries for dynamics in arbitrary canonical projective G-hypermultiplets [13,1]. For 
that one should change the abelian group U(l) to the group G. 

Let us consider an approximation of the angular field with n = 2 (see 4.1.). In 
this case the angular field is represented in the form of generators of the infinite 
dimensional dynamical symmetries with coefficients depending on the control pa- 
rameters, hence, the dynamics is integrated up to Hilbert- Schmidt operators or 
asymptotically "mod 0(h) n and is defined by the interactively controlled group 
element of the semi-direct product of the group of diffeomorphisms of a circle and 
the loop group. 

4.4. Infinite dimensional droems and their dynamical reconstruction. From 
the results of 4.3. it follows that the interpretational figures in the models defined by 
canonical projective G-hypermultiplets may be pointers to the infinite dimensional 
droems realized by use of geometrical objects related to the groups of diffeomor- 
phisms of a circle and the loop groups (see [26,32-35,17] and refs wherein). The 
process of a dynamical reconstruction is in the restoring of the infinite dimensional 
object by an interactive process in the dynamical videosystem. The infinite di- 
mensional object itself may be as interpretational as static (compilational). For 
instance, interpretational figures may be pointers to static "image" on the "infinite 
dimensional screen" - the space of the universal deformation of a complex disc 
[33,34]. Droems may be looked for among numerous (sometimes, rather exotic) 
infinite dimensional objects of the geometrical theory of second quantized strings 
[35] as it was marked in the third part of the article [35]; so it is reasonable to 
speak on the descriptive string geometry in the context of a general mathematical 
formalism for string theory (see e.g. [36]). 

Note that a transition to the lattice version should apparently produce quantum 
analogs of infinite dimensional Lie groups and Lie algebras (cf.[37]), however, the 
geometrical consequences of the cutting off procedure (see 4.2. above) are not 
known. 

An importance of the infinite dimensional geometry was stressed in [26] ; this ar- 
ticle may be regarded as a development of the thesis of the naturality of a language 
of infinite dimensional geometry formulated in [26]. Note that droems (in particu- 
lar, infinite dimensional) and their dynamical reconstruction besides the described 
applied problem of an organization of accelerated nonverbal cognitive computer 
and telecommunications being very important for experimental mathematics and, 
therefore, for the whole complex of mathematical sciences are of interest for theo- 
retical mathematical psychology, structural linguistics and linguistic psychology in 
the context as of investigations of nonverbal cognitive communications in various 
external conditions (e.g. with stimulations), which became actual recently, as for 
more traditional themes such as investigations of origins and development of ver- 
bal communications, early stages of speech and education processes. So it is of a 
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special interest to consider dynamical reconstruction of droems in the multi-user 
mode (cf.1.4), for instance, in the interactive videocognitive games (the games with 
an interactive control, see 1.1.). 
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ZlaHHaa paSoTa, a^pecoBaHHaa KaK MaTeMaTHKaM-TeopeTHKaM, cneirHajra- 
3HpyroiirHMCH b reoMeTpHH, aJireSpe, (f)yHKiiHOHajiBHOM aHajnoe, TeopHH .zth- 
HaMH^ecKHx h ynpaBJiaeMBix chctcm, HHTepecyioirrHMca coBpeMemiBiMH npHJiojKeHHHMH 
hx ^HCUHnjiHH k 3a^a^aM HH(f)opMaiiHOHHBix TexHOJiorne (opraHH3an.Hji HHTep- 
aKTHBHBix flHHaMHqecKHX BHyieocHCTeM peaJitHoro BpeMeHH rjir y CKopeHHBix 

KOMnBIOTepHBIX H Te JieKOMMyHHKarj,He) , TaK H npHKJia^HHKaM, 3aHHMaiOriIHMCH 

pa3pa6oTKoe yKa3aHHBix chctcm c aKneHTOM Ha MaTeMaTHraecKHe MeTO^Bi hh- 
TepaKTHBHoe KOMnBioTepHoe rpa(f)HKH b peajiBHOM BpeMeHH, nocBanieHa aHaji- 
H3y onpe^eJieHHoro, no-BH^HMOMy, ^ocTaTOMHO nepcneKTHBHoro, c o^Hoe ctopohbi, 
a c .zrpyroe - He6e3BiHTepecHoro c to^kh 3peHHH MHCToe (KaK aKcnepHMeHTajiBHoe, 
TaK h TeoperaMecKoe) MaTeMaraKH no^xo^ia k perneHHio o^Hoe npoSjieMBi hh- 
(|)OpMaHHOHHBIX TexHOJiorne. 

OcHOBHoe Tpy^HocTBio, npenaTCTByioinee .ziajiBHeerneMy pa3BHTHio HHTe- 
paKTHBHBix CHCTeM peaJIBHOrO BpeMeHH RJISl yCKOpeHHBIX KOMnBIOTepHBIX H 

TejieKOMMyHHKaiiHe, HBJiaeTca cyniecTBeHHaa orpaHH^emiocTB o6T.eMa HH<f)op- 
Man.HH, nepe^iaBaeMoe 3a e^nHnny BpeMeHH. Ecjih ,zijih HeHHTepaKTHBHBix chc- 

TeM H HHTepaKTHBHBIX CHCTeM yCJIOBHOTO BpeMeHH, npe^HaSHa^ieHHBIX ,ZIJIfl oc- 

ymecTB jieHHH ycKopeHHBix KOMMyHHKan,He , 9Ta TpyznrocTB Sojiee hjih MeHee 
npeo^iojieBaeTca Sjiaro^iapa HcnojiB30BaHHio pa3JiH^HBix npneMOB c>KaTHH h 

KO^HpOBaHHH npH O^HOBpeMeHHOM COBepnieHCTBOBaHHH MaTepHaJIBHOe (TeXHHM- 

ecKoe) 6a3Bi, to ,zijih HHTepaKTHBHBix CHCTeM peajiBHoro BpeMeHH npn HaHBHOM 
no,zrxo,zie OHa CTaHOBHTca iiomth Henpeo^ojiHMoe. KpoMe toto, npnMeHeHHe 
HHTepaKTHBHBix CHCTeM peajiBHoro BpeMeHH ,ZIJIH OpraHH3aiIHH yCKOpeHHBIX 
KOMMyHHKanHe Ha Sojibhihx paccTOHHHHx nopo>K^iaeT ^onojiHHTejiBHyio Tpyzi- 

HOCTB, CBH3aHHyiO C BBI3BaHHOe pe JIflTHBHCTCKHMH 9(f)(j)eKTaMH HeB03MO>KHOCTBIO 
CHHXpOHH3aiI.HH pHTMOB Cy 6T>eKTOB KOMMy HHKai],HH j TaK, npH paCCTOHHHH B N 

tbich^ KHJioMeTpoB norpeniHocTB b CHHxpoHH3aiiHH TeopeTHMecKH He MeHBine, 
MeM iV/300 ceKyH^i;, a npaKirraecKH HaMHTe jibho SojiBrne. 

21 



IIepeMHCJieHHL.ie TpyZHlOCTH npHBO^HT K Heo6xO,ZI,HMOCTH HHOe opraHH3aT- 

chh HH({)opMaii;HH h ee nepe^aMH b HHTepaKTHBHBIX chctcmjix peajiBHoro Bpe- 
MeHH ^JIH yCKOpeHHBIX KOMMy HHKaiTHe . O^HOe H3 TcIKHX B03MO>KHOCTGG, KCTaTH 

HcnojiB3yeMoe b chctgmjix o6bf-ihbix KOMMyHHKanne, aBJiaeTca nepe^a^a no 
KaHajiaM cbh3h He .necKpnnTopoB oSi^eKTOB, a yKa3aTejiee Ha hhx, c HcnojiB30BaHHeM 
nocjie^yioHiee AHHaMHMecKoe peKOHCTpyKirHH caMHx oSteKTOB. IIpH HcnojiB30BaHHH 

9TOe B03MO>KHOCTH B HHTepaKTHBHBIX nCHXOHH(f)OpManHOHHBIX BH,HeOCHCTeMaX 

peajiBHoro BpeMeHH .zyia ycKopeHHoe HeBepSajiBHoe kofhiithbhog KOMMynnKaT- 
chh, npe^CTaBJiaiOHiHxca aBTopy b cnjiy mhothx npHMHH, HeKOTopBie H3 ko- 
topbix CTaHyT hchbimh b nponecce H3Jio>KeHHH MaTepHaxta CTaTBH, HanSojiee 
nepcneKTHBHBiMH, cbh3b Me>Kffy y Ka3aTe jihmh h c&mhmh o6T.eKiaMH, 
nponecc ^HHaMH^ecKoe peKOHCTpyKnHH, ocymecTBJiaeMoe b peajunoM epe- 
Menu h, KaK cjie^CTBHe, no KpaeHee Mepe OT^acra, Ha 6e3co3HaTejiBHOM ypoBHe, 
™, b nejioM, cocTaBJiaeT ee xapaKTepHyio MepTy, OTJin^aionryio ^HHaMHM- 
ecKyio peKOHCTpyKB,Hio .upoaMOB OT oSBIMHOe peKOHCTpyKU;HH- "pacniH(f)poBKH" , 

CTaHOBHTCH HeTpHBHaJIBHBIMH, nOTeHITHaJIBHO BeCBMa CO^epJKaTeJIBHBIMH KaK 

SKcnepHMeHTajiBHO, TaK h TeopeTH^ecKH. O^HaKo, hmchho 3h<ihh6 MaTeM- 
aTHMecKoro (})yH^;aMeHTa, Jieacamero b hx ocHOBe, c o^Hoe ctopohbi, mojkct 
oSecne^HTB 3Ha^HTejiBHoe cHH>KeHHe ^pe3MepHBix TpeSoBaHne k annapaTHoe 
6a3e CHCTeM, no3BOJiHB peajiH30BaTB hx Ha ocHOBe HMeionrHxca b HajiHMHH h 
oSnie^ocTynHBix cpe^CTB, a c .znpyroe ctopohbi, mo<kgt cJiy>KHTB ochob3,hh6m 
.zyia pa3pa6oTKH y^oSHoro h cpaBHHTejiBHO npocToro nporpaMMHoro o6e- 
cneMeHHH. 

BBH/iy CKa3aHHoro b ,naHHoe paSoTe mbi nBrraeMca bbmbhtb meltgmcIthm- 
ecKHe ochobbi OTMGM6HHoro BBinie no,a,xo,a;a k opraHH3an.HH HH(f)opManHH h ee 
nepe^a^H b HHTepaKTHBHBIX ncHxoHH(j)opMan.HOHHBix BH^eocncTeMax peajiBHoro 
BpeMeHH ,njia ycKopeHHoe HeBepSajiBHoe KorHHTHBHoe KOMMyHHKanHH 5 Ha 3tom 
nyTH KJiiOMeByio pojib nrpaiOT ,npo9MBi ( "^HHaMH^ecKH peKOHCTpynpyeMBie 
oS^eKTBi 9KcnepHMeHTajiBHoe MaTeMaTHKa" ) h HHTepnpeTanHOHHBie (fmrypBi 
KaK yKa3aTejiH Ha hhx. 

CTaTBH opraHH30BaHa cjie^yionpiM o6pa30M: nepBBie naparpacf) nocBanjeH 
H3Jio>KeHHio HeoSxo/iHMBix ochob HHTepnpeTanHOHHoe reoMeTpHH, BTopoe - 

OnepaTOpHBIM MeTOflaM B TeOpHH HHTepaKTHBHBIX flHHaMHHeCKHX BH^eO CHCTeM 

h HeKOMMyTaTHBHoe HaMepTaTejiBHoe reoMeTpHH, TpeTHe - oSniee KOHH,enHHH 

OpraHH3anHH HHTerpHpOBaHHBIX HHTepaKTHBHBIX BH^eOKOrHHTHBHBIX CHCTeM 

peajiBHoro BpeMeHH, MeTBepTBie - ^HHaMHMecKH peKOHCTpynpyeMBiM oSteicTaM 
SKcnepHMeHTajiBHoe MaTGMamKH h nponeccaM hx .zpmaMHMecKoe peKOHCTpyK- 

E(HH, npH 9TOM oSnXHe nOHHTHH HJIJIIOCTpHpyiOTCH HHTepeCHBIM KOHKpeTHBIM 

npHMepoM, cBH3aHHBiM c SecKOHeMHOMepHoe reoMeTpnee. H3Jio>KeHHe hocht, 
b ochobhom, gBpHCTH^ecKHe h KOHB,enTyajiBHBie xapaKTep (nepBBie h TpeTHe 
naparpa(|)Bi) , xoth HeKOTopBie ^acTHBie acneKTBi TaKHe, KaK, HanpnMep, MaTe- 
pnaji BToporo h ^eTBepToro naparpac{)a, .nonycKaionrHe b HacToanpie momght 
Sojiee rjiySoKyio (f)opMajiH3anHio h ,zi;eTajiH3an.Hio, H3JiaraiOTca Ha MaTeMaTHq- 
ecKOM ypoBHe CTporoc™. 

Otmcthm TaK>Ke , hto ocHOBaHHeM ^;jia OT^ejiBHBix nojio>KeHHe, H3Jiarae- 
mbix b paSoTe, nocjiy>KHJiH KOHKpeTHBie penieHna, HcnojiB3yeMBie b pa3JiHHHBix 
oSy^aiOHTHx h KOMMyHHKau,HOHHBix cHCTeMax, o^HaKo, nocjie^oBaTejiBHBie h 
CHCTeMaTHMecKHe aKcnepHMeHTajiBHo-MaTeMaTHMecKHe no^xo^i; k TeMe co^ep>KHT- 
ca b jiHTepaType BnepBBie. 
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§1. HHTepnpeTan;HOHHcLH reoMeTpmi 

HaHHL.ie naparpacj) nocBjnneH H3Jio>KeHHio pa3JiHMHBix ctopoh HHTepnpe- 
Tau,HOHHoe reoMeTpHH, HMeionrHx othoiii6hhg k opraHH3an,HH HH<f)opMairHH h 
ee nepe^aMM b hhtgpcIkthbhlix BH^eocHCTeMax KOMnBioTepHoe h TejieKOMMy- 

HHKanHH. OcHOBHOe BHHMaHHe y,He JIHeTCH HHTepnpeTaB,HOHHBIM (|)HrypaM, KO- 

TopBie b .najiBHeenieM SynyT cjiy>KHTB yKa3aTejiHMH Ha .uposMBi h cnocoSaM hx 
nepe^aMH, hhbimh cjiOBaMH, ocoSeHHocTHM HHTepnpeTanHOHHoe reoMeTpHH b 

MHOrOnOJIB30BaTeJIBCKOM pe>KHMe. 

1.1. HHTepnpeTan;HOHHBie (})Hrypbi [l,2:IIpiiJioae.A]. TeoMeTpHa, onncBi- 

BaeMaa HHJK6, CBH3aHa C HeKOTOpBIM KJiaCCOM HHTepaKTHBHBIX HH(|)OpManHOH- 
HBIX CHCTeM. By^eM Ha3BIBaTB HHTepaKTHBHyiO HH(f)OpManHOHHyiO CHCTGMy 

KOMnBioTeporpa({)HMecKoe (hjih HHTepaKTHBHoe HH(f)opManHOHHoe BH^eocHc- 
TeMoe), ecjiH HH(|)opMaii,HOHHBie noTOK "KOMnBioTGp-nojiB30BaT6 jib" opraHH30- 
BaH KaK noTOK reoMeTpn^ecKHx rpac{)HMecKHx ^aHHBix Ha 9KpaHe MOHHropa; 
HHTepaKTHBHaa HH(f)opMan.HOHHaji BH/jeocHCTeMa 6y,a;eT Ha3BiB aTBCH iichxohh- 
4>opMaHHOHHoe, ecjiH HH(f)opManHH, nepe^aBaeMaa no KaHajiy "nojiB30BaTejiB- 
KOMnBioTep" hocht (nojiHOCTBio hjih OT^acra) 6ecco3HaTe jiBHBie xapaKTep. 
TaKHM o6pa30M, b HHTepecyionrHx Hac hhtgp aKTHBHBix cucTGMax ynpaBJieHne 
cnapeHO c h6H3B6cthog hjih He BnojiHe H3BecTHoe oSpaTHoe cbh3bio, cncTeMBi 
c TaKHM ynpaBJieHHeM 6y^;eM Ha3BiB aTB unmepaKmueHO ynpaejisreMUMU. B 
HejioM, paccMOTpeHHe HHTepaKTHBHO ynpaBJiaeMBix (ncHxoHH(f)opMan.HOHHBix) 
CHCTeM, c B,ejiBio KaK 9KcnepHMeHTa JiBHoro , TaK h TeoperaMecKoro bbihb jichhh 
3aKJnoMeHHBix b hhx B03Mo>KHOCTee, npe,ncTaB jihioili,hx HHTepec ,hjih MaTeM- 
ara^ecKHx HayK caMnx no ce6e, h "ckpbitbix" aScTpaKTHBix MaTeMaTH^iecKHx 
oSi^eKTOB, HaSjno^eHHe h aHajiH3 kotopbix aKTyajiBHO hjih noTeHnnajiBHo pe- 
ajiH3yeMBi Sjiaro^apa y Ka3 aHHBiM bo3mo>khoctjim, flBJiaeTca BaacHoe 3a,a;aMee 
KaK TaKOBoe. no9TOMy .najiee SynyT onpe^ejieHBi hohhthh HHTepnpeTanHOHHoe 
(fmrypu h ee chmbo JiHMecKoro MepTe>Ka, KOTopBie, no-BH/piMOMy, nrpaiOT KJiioMe- 
Byio pojib b onHcaHHH KOMnBioTepHo-reoMeTpHMecKoro npe^CTaBJieHHa MaTeM- 
aTH^ecKHx ^aHHBix b HHTepaKTHBHBix HH(|)opMaB,HOHHBix cucTGMax. B .najiBHeenieM, 
CznaaKo, npn coxpaHeHHH oSnjero 9KcnepHMeHTajiBHo-MaTeMaTHMecKoro njiaHa 
aKneHTBi SynyT cMemeHBi hcckojibko b CTopoHy npnjio>KeHHe k HH(f)opMaTHKe, 
HHTepnpeTanHOHHBie ({)HrypBi (cii.HHae) SynyT HcnojiB30BaTBca KaK yKa3a- 

TeJIH Ha ,Z]p09MBI, a HHTepaKTHBHBie nCHXOHH(f)OpMan.HOHHBie BH^eOCHCTeMBI 
peaJIBHOTO BpeMeHH KaK KOMnOHeHTBI HHTerpHpOBaHHBIX HHTepaKTHBHBIX BH^eOKOT- 
HHTHBHBIX CHCTeM ^JIH yCKOpeHHOe HeBepSaJIBHOe KOTHHTHBHOe KOMMyHHKaT- 
CHH. 

MaTeMara^ecKHe ^aHHBie b HHTepaKTHBHBix HH(f)opMan.HOHHBix BH^eocHC- 
TeMax cymecTByioT b BH^e B3aHMocBH3H BHyTpeHHero reoMeTpHMecKoro o6pa3a 
((finrypBi) b cy6T.eKTHBHOM npocTpaHCTBe HaSjuo^aTejia (nojiB30BaTejia) h 
BHeniHero KOMnBioTeporpae^HMecKoro npe^CTaBJieHHa, npn stom BHeniHee npe,n- 
CTaB jieHHe BKJiioMaeT bh^hmbic ajieMeHTBi (MepTe>KH 4>Hryp), a TaK>Ke HeB- 
HflHMBie 3 JieMeHTBi (aHajiHTHMecKHe BBipa>KeHHji h ajiropHTMBi ,hjih nocTpoeHHH 
,a,aHHBix MepTe>Kee). Ilponecc conocTaBJieHHji reoMeTpnqecKoro o6pa3a ((fmr- 
ypBi) bo BHyTpeHHeM npocTpaHCTBe HaSjno^aTejia BHeniHeMy npe^CTaBJieHHio 
(bh/ihmbim h HeBH^HMBiM 9 jieMeHTaM) 6y,neT Ha3BiB aTBCH mpaHCJifrv,uee, npn 
9tom BH/i,HMBie oSi^eKT MO/KeT Sbitb HeToac^ecTBeH caMoe (fmrype, b 3tom 
CJiy^iae MacTHBie bh^hmbic 9 jieMeHTBi MoryT paccMaTpHBaTBca KaK Mo,ayjiH, 
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MBH TpaHCJIHIJHH peaJIH3yeTCH H63clBHCHMO , BBH,Z]y MerO Sy^eM Ha3BIBaTB TpaHCJIBI- 

annio UHmepnpemaVfUee, ecjiH TpaHCJianna nacTHBix Mo,nyjiee peajnoyeTca b 
3aBHCHMocTH ot pe3yjiBTaTa TpaHCJianHH npe^ByiynrHx, h KOMnuAfn^uee b npo- 
thbhom cjiy^ae. 

Onpe^ejieHHe 1. $nrypa, nojiy^aeMaa KaK pe3yjiBTaT HHrepnpeTanHH, Ha3BiBaeT- 
ca UHmepnpemaVfUOHHoe tfimypoe. 

IIo^MepKHeM, mto HHTepnpeTau,HOHHaa <|)Hrypa Mo>*ceT He hmgtl oSBniHoro 
({)opMajiBHoro onpe^ejieHHa; a hmghho , tojibko ecjiH nponecc HHTepnpeTaT- 
chh ^onycKaeT 9KBHBaJieHTHBie nponecc KOMnnjianHH onpe^eJieHHe (fmrypBi 
CBo,a,Hna k onpe^ejieHHio ee MepTe>Kee, mto b oSmeM cjiy^ae He HMeeT MecTO. 
TeM caMBiM, ^epTe>K HHTepnpeTanHOHHoe (fmrypBi onpe^ejiaeT Bcero jihbtb 
/IHHaMH^ecKyio "TexHOJiornio 3pHrejiBHoro BocnpHaTHa" , a He ee "o6pa3" ; 
no^oSHBie ^epTejKH SyzryT Ha3BiBaTBca cuMGOAunecKUMU. 

KoMnBiOTepHO-rec-MeTpEraecKoe onncaHHe McltgmcIthmcckhx .naHHBix b HHTe- 

paKTHBHBIX HH(f)OpManHOHHBIX CHCTGMclX TeCHO CBH3aHO C KOHnenUHee aHOMaJIBHBIX 

BHpTyajiBHBix peajiBHocTee. 

1.2. HHTeHn;HOHajibHBie aHOMajiBHBie BnpTyajiBHBie peajiBHOcra [l,2:IIpH- 

JIOJK.A]. 

Onpe^ejieHHe 2 (cp.[l,2:I[pHJio}K.A]). (A). AnaMaAbHoe eupmyaAbnoe peaAbnocnibio 
(ABP) e ysKOM CMUCAe Ha3BiBaeTca HeKOTopaa onpe^ejiemiaa cacTeMa npaBHJi 
HecTaH^apTHoe HaMepTaTejiBHoe reoMeTpHH, npHcnocoSjieHHoe k peajiH3an.HH 
Ha BH^eoKOMnBioTepe (hjih MyjiBTHceHcopHoe cncTeMe "BnpTyajiBHoe peajiBHoc™" 
[3-6]). AnoMaAbnasr eupmyaAbnafr peaAbHocmb e mupoKOM CMUCAe BKJiio^aeT 
b ce6a TaK>fce H3o6pa>KeHHe b KnSepnpocTpaHCTBe, BBinojiHeHHoe corjiacHo 
yKa3aHHoe cncTeMe npaBHJi. B ^ajiBHeenieM tgpmhh 6y,a,eT HcnojiB30BaTBca 
b y3KOM cMBicjie. (B). HamypaAU3av,uee Ha3BiBaeTca nponecc conocTaBJieHHa 
aHOMajiBHoe BnpTyajiBHoe peajiBHocra HeKOTopoe aScTpaKTHoe reoMeTpHH hjih 
cj)H3HMecKoe MO/iejiH. By/ieM tobophtb, mto aHOMajiBHaa BnpTyajiBHaa peajiBHOCTB 
HamypaAU3yem aScTpaKrayio mo^jib, a mo^jib mpaHcv,eHdupyem HaTypaji- 
HsyioHiyio ee aHOMajiBHyio BnpTyajiBHyio peajiBHOCTB. (B). Bu3yaAU3av,uee 
Ha3BiBaeTca nponecc conocTaBJieHHa HeKOToporo H3o6pa>KeHHa hjih BH3yajiBHoe 

AHHaMHKH B HeKOTOpofe' aHOMaJIBHOe BHpTyaJIBHOe peaJIBHOCTH (peaJIH30BaHHOe 

annapaTHO h nporpaMMHO KOMnBiOTeporpa(f)HMecKHM HHTep4»eecoM KOHKpeTHoe 
BH^eocHCTeMBi) oSteicraM aScTpaKTHoe reoMeTpHH hjih nponeccaM b (J)h3hm- 
ecKoe Mo^ejiH. (T). AHOMajiBHaa BnpTyajiBHaa peajiBHOCTB, H3o6pa>KeHHa b 
KOTopoe 3aBHcaT ot HaSjno^aTejia, Ha3BroaeTca UHmeHV,uoHaAbHoe cmoMdAbHoe 
eupmyaAbnoe peaAbHocmbto (MABP). OSoSraeHHBie 3aKOHBi nepcneKTHBBi b HABP 
BKJiioMaiOT ypaBHeHHa HHTepaKTHBHoe /jHHaMHKH HaSjiio^aeMBix oStjCktob Hapa,ay 
co CTaH^apTHBiMH (reoMeTpHMecKHMn) 3aKOHaMH nepcneKTHBBi. nponecc HaSjno- 
^;eHHa b HABP coctoht H3 (j)H3H^ecKoro nponecca HaSjiio^eHHa h BnpTyajiB- 
hoto nponecca HHTeH^npoBaHHa, KOTopBie ynpaBJiaeT aBOJuonnee H3o6pa>KeHHe 
corjiacHo /jHHaMHMecKHM 3aKOHaM nepcneKTHBBi. 

B HHTeHirHOHajiBHoe aHOMajiBHoe BHpTyajiBHoe peajiBHoc™ (HABP), peaji- 
H30BaHHoe (anapaTHo h nporpaMMHo) KOMnbwmepozpatpuHecKUM unmeptpeecoM 
UHmepaKmueHoe eudeocucmeMU, KOTopBie b cboio o^epe^B yKa3amiaa HABP 
zeoMempunecKU ModeAupyem (Ha ypoBHe HaMepTaTejiBHoe reoMeTpHH, b to 
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BpeMH KaK MO^ejib, TpaHciieH^HpyiomaH ,a,aHHyio HABP, ocymecTBJiaeT sto 
yme Ha ypoBHe aScTpaKTHoe reoMeTpHH), HaSjiio^aeMbie oSteKTbi npe^CTaiOT 
KaK 6bi cBH3aHHL>iMH c Ha6jiio,z];aTejieM, KOTopbie onpe^ejieHHbiM o6pa30M B03,neecTByfl 
Ha hhx, cf)HKCHpyeT hx HaSnio^aeMoe coctohhhg , TaK hto o6i.eKT mbicjihtch 
tojibko KaK noTBHn^najiBHocTB coctohhhh H3 3a,a;aHHoro cneKTpa, HO caMo coc- 
TOHHHe 3aBHCHT h ot HaSjiio^aTejifl. CHMBOJiH^ecKHe MepTe>KH HHTepnpeTaT- 
chohhbix (J)Hryp MoryT paccMaTpHBaTtca KaK coctohhhh HeKOTopoe HABP. 

OtMGTHM, HTO MaTGMaTHMGCKaH TGOpHH aHOMaJIBHBIX BHpTyaJIBHBIX peajiBHocTee 

(ABP), b tom ^HCJie ocHOBHBie npoiie^ypBi HaTypajin3aHHH h Tp aH cHeH,HHp ob clhhs , 
CBH3BiBaioiLi,He ABP c aScTpaKTHoe reoMeTpnee, npe^CTaBJineT coSoe ocoSbie 
pa3^;eji coepeMennoe HeKAaccunecKoe uaHepmameAbHoe (KOMnbtomepnoe) zeoMempuu. 

Onpe^ejieHHe 2JX. Mhokcctbo HenpepbiBHo pacnpe^ejieHHBix BioyajiBHBix 
xapaKTepHCTHK H3o6pa>KeHHH b aHOMajiBHoe BHpTyajiBHoe peajiBHoc™ Ha3BiBaeT- 
ca anoMaAbHUM it,eemoebiM npocmpaHcmeoM; 3 jigmghtbi aHOMajiBHoro HBeTOBoro 
npocTpaHCTBa HeHBeTOBoe npHpo^Bi h a3BiB aio t c h o6epv,eeemaMU, a BejiHHHHBi, 
TpaHciteH^HpyiomHe hx b aScTpaKTHoe Mo^ejiH, Ha3BiB aiOTCH "cnpumuMU cee- 
maMu". UeemonepcneKmueHoe cucmeMoe Ha3BiBaeTca 3a^aHHaa coBOKynHocTB 
o6o6io,eHHBix 3aKOHOB nepcneKTHBBi b 3a^aHHOM aHOMajiBHOM h^bgtobom npoc- 
TpaHCTBe; ,HBe ABP Ha3BiB aiOTCH 9KBHBajieHTHBiMH, ecjiH hx HBeTonepcneK- 
THBHBie CHCT6MBI coBna,zi;aioT; ABP, aKBHBajieHTHaa peajiH30BaHHoe Ha BH^eoKOMnBioTepe 
(ho He peajiH30BaHHaa caiia) Ha3BiBaeTca MapzunaAbnoe. 

1.3. HeajieKcaH^ipHecKaii HHTepnpeTan;HOHHaii reoMeTpHH [7,2:IIpHJio>K.A]. Ot- 

MeTHM, mto Sojibhihhctbo KJiaccHMecKHx reoMeTpHe HcnojiB3yeT HeKOTopBie 
nocTyjiaT, KOTopBie mbi SyneM Ha3BmaTB ajieKcaH^pnecKHM, ho He BKJiio^aeT 

flBHO erO B CBOK) aKCHOMaTHKy. 

AjieKcaH^ipHecKHe nocTyjiaT. JIw6oe ymeepatcdeHue, cnpaeedAueoe dAfr neKO- 
mopoe zeoMempuuecKoe KOHpuzypav,uu, ocmaemcfr e cuAe, ecAU ama Koncfjuzy- 
pav,ufr paccMampueaemcfr KaK uacrnb neKomopoe 6oAbiuee KOH(f)uzypav,uu. 

TaKHM o6pa30M, ajieKcaH/ipHecKHe nocTyjiaT 03HaMaeT, hto ,n,o6aBJieHHe 
KaKHx 6bi to hh Sbijio ^onojiHHTejiBHBix o6T.eKTOB k /taHHoe reoMeTpHMecKoe 
KOH(f)HrypaHHH He OKa3BiB aeT bjihhhhh Ha 9Ty KOHcfmrypaHHio. AjieKcaH^pnecKHe 
nocTyjiaT HcnojiB3yeTca, HanpuMep, b KOHCTpyKTHBHBix ,noKa3aTejiBCTBax reo- 
MeTpHqecKHx TeopeM, ocymecTBJiaeMBix nyTeM hbhoto noniaroBoro nocTpoeHHH 
oSi^eKTa, cymecTBOBaHHe KOToporo cocTaBJiaeT yTBepjK^eHHe TeopeMBi. B 
cjiy^ae HapynieHHH ajieKcaH^pHecKoro nocTyjiaTa b npouecce KOHCTpyKTHBHoro 
^OKa3aTejiBCTBa Ha Ka>K^;oM mare MoryT HcnojiB30BaTBca tojibko KOHcfmrypaT- 

CH0, COBMeCTHMBie B HeKOTOpOM CMBICJie C npe#BI,fl,yiLl,HMH, T.e. He M6HiHOIIl,HMH 

Te hx cBoecTBa, KOTopBie cocTaBJiaiOT ncxo^HBie ^aHHBie TeopeMBi. 

B Ka^ecTBe npHMepa HeajieKcaH^pHecKoe reoMeTpHH mojkho npHBecTH aeHni- 
TeeHOBy reoMeTpnio [7,2:npHJio>K.A] . KnHeMaTHKa h nponecc pacceaHHa (fraryp 
MoryT Sbitb npo^eMOHCTpHpoBaHBi Ha ^pyroM BaatHOM npHMepe HeajieKcaH- 
.HpnecKoe reoMeTpHH - reoMeTpHH cojihtohob [7,2:npHJio>K.A] . Bee npuMepBi 
cojihtohhbix reoMeTpHe no^TBepjK^aiOT npe^nojioKeHHe, mto HapynieHHe ajieK- 
caH^pHecKoro nocTyjiaTa CBH3aHO c B3aHMo^eecTBHeM reoMeTpH^ecKHx ({)Hryp, 
h, b MacTHOc™, no^oSHoe B3aHMo^eecTBHe mo<kgt onpe^ejiaTBca He JiHHe Shbim 
xapaKTepoM 9bojhou,hh. 
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PaccMOTpuM npoHccc pacceaHHa (puryp b HHTepnpeTan,HOHHoe tgomgtphh. 
KaK OTMGMajiocB Bbinie, HHTGpnpGTaHHOHHaa (fmrypa onHCbiBaeTca napoe ($ mt , <|> ext ), 
r ^e $ mt - BHyTpeHHHe o6pa3 b cy StdGkthbhom npocTpaHCTBe HaSjiio^aTejiH, 
a Q txe - ero mgptgjk; $ mt - pe3yjiBTaT HHTepnpeTau,HH <|> ext . EcTecTBeHHO 
npe^;noJio>KHTB, hto $ mt 3&bhcht ot $ ext (pyHKiiHOHaJiBHO : <^ nt = $ mt [$®< t ] 
h, KaK npaBHJio, hgjthhggho; Sojiee Toro, gcjih $ ext oSjia^aeT acHMnTOTHM- 
ecKoe CBoSo^oe, to <£> mt TaK>Ke oSjia^aeT eio. KaK cjig^ctbug, ^a>Ke npH 
jihhgghog .zpiHaMHKG $ ext hmggt MecTO HeTpHBHajiBHoe pacceaHHe HHTepnpe- 
Tan,HOHHBix (f)Hryp, teikhm o6pa30M, HHTepnpeTau,HOHHBie (pHrypBi hbjihiotcji 
HeajieKcaH^pHecKHMH. 

TaKHM o6pa30M, HHTepnpeTau,HOHHBie tgomgtphh pcajnoyiOT hgkotopbig 

KJiaCC HG aJIGKC aH^ipHG CKHX TGOMGTpHG. KoHCTpyKTHBHOG ,HOKa3aT6JIBCTBO B 
HHTGpnpGTarj,HOHHOG TGOMGTpHH, TGM CaMBIM, COCTOHT B flBHOM nOCTpOGHHH 

oSijGKTa, ^bg cyro,GCTBOBaHHG yTBGp>K^aGT TGopGMa, KaK pG3yjiBTaTa noniaroB- 

OrO npOB,GCCa nOCTpOGHHH npOMOKyTO^THBIX KOH(pHTypaHH6 HHTGpnpGTaHHOH- 

hbix (pnryp, a koppgkthoctb /(OKa3aTGJiBCTBa saKJiio^aGTca b tom, mto Ha 
Ka^AOM niary CBOGCTBa Ha^aJiBHOG KOHCpHrypanriH, cocTaBJunonrHG hcxo^hbig 

/taHHBIG TGOpGMBI, OCTaiOTCH HGH3MGHHBIMH B npOHGCCG HHTGpnpGTaHHH. EcJIH 
nOCJIG^HGG npOBGpHGTCfl SKCnGpHMGHTaJIBHO #JIH Ka>K^OrO KOHKpGTHOrO npOT- 
CGCCa, TO /lOKa3aTGJIBCTBO HOCHT SKCnGpHMGHTaJIBHO-MaTGMaTH^GCKHG XapaK- 
TGp, Sy^yMH OCHOBaHHBIM Ha HGnOJIHOG HH^yKH;HH; OTMGTHM, HTO CXO^HBIG 

npou,G^ypBi HcnojiB3yiOTca bo mhothx caMooSy^aioiLiTixcH cHCTGMax HCKyc- 

CTBGHHOTO HHTG JIJIGKTa, B KOTOpBIX p6aJIH3yiOTCH (HHOr^a CTaTHCTHMGCKH) 
B03M05KHBI6 KOMSHHaHHH HiarOB C nOC JIG^yiOHIGG npOBGpKOG HX KOppGKTHOCTH 

(mgto,h cjiyMaGHoro noHCKa pghighhg). 

1.4. HH(})opMaii;HOHHbie acneKTBi HHTepnpeTan;HOHHBix reoiweTpHe: hh- 
TepnpeTan;HOHHBie (purypBi b MHoronojiB30BaTejiBCKOM pesKHMe h HABP- 
TejiecTe3Hii. B ^aHHOM nyHKTG co,h6p>khtch KpaTKOG h3jio>kghhg 6g3 ^GTaji- 

H3aHHH oShTHX pG3yJIBTaTOB BTOpOG ^aCTH paSoTBI [7], HG BOHIG^niHX B npHJIO>KG- 
HHG K paSoTG [2] H KaCaiOHTHXCfl HH(pOpMaU,HOHHBIX aCnGKTOB HHTGpnpGTaT- 
CHOHHBIX TGOMGTpHG. IIpG^nOCBIJIKOG ^JIH TaKOTO paCCMOTpGHHH CJiy>KHT OT- 
MGMaBHIGGCH B [7] oScTOHTGJIBCTBO, MTO HH(f)OpMaTHKa MOJKGT paCCMaTpHBaTBCH 
KaK TOMKa 3pGHHH Ha MaTGMaTHMGCKHG oSt^CKTBI, ^OnOJIHHTG JIBHaH K TGOM6T- 
PHMGCKOG (b CBGTG (pyH^aMGHTaJIBHOG Onn03HHHH "jIOTH^GCKOro" H "SG^GTHMGCKOTO"). 
B CHJiy 9TOTO nOJIG3HO nGpGCpOpMyjIHpOBaTB OCHOBHBIG TGOMGTpHMGCKHG OnpG- 
^GJIGHHfl B HH(|)OpMaB,HOHHBIX TGpMHHaX. TaK, OnHCaHHBIG BO BTOpOG MaCTH 

paSoTBi [7] noHHTHH ABP-(poTO^;ocHH h gg (popMajiBHOG rpaMMawiKH npcu- 

CTaBJIHIOT GCTGCTBGHHyiO napaJIJIGJIB K nOHflTHHM aHOMaJIBHOG BHpTy aJIBHOG 
pGaJIBHOCTH H TpaHCB,GH^(HpyiOH];GG aScTpaKTHOG MO^GJIH. OtMGTHM, O^HaKO, 
MTO yKa3aHHBIG nOHHTHH B CHJiy MGTO/lOJIOrHMGCKHX coo6pa>KGHHG paccMaTpHBaiOT- 
ch noKa jihhib mhcto (popMaJiBHO h KaK pGaJiH3yiOH];HG "hedkhhg" hjih "bhghihhg' 

BH3yaJIBHBIG ypOBGHB "MHOTOCJIOGHOro' BH^GOKOTHHTHBHOrO CMBICJIOBOTO nO- 

TOKa. Hx Sojigg rjiySoKOMy (ho ^aJiGKO hg noJiHOMy) aHaJiH3y Sy^GT nocBaniGH 
^gtbgptbig naparpa(p paSoTBi. 

Onpe/i;ejieHHe 3 A. ncpc^aMa HH(popMau,HH MGpG3 aHOMajiBHyio BnpTyajiBHyio 
pcajiBHocTB c noMoniBio "ckpbitbix cbgtob" Ha3BiBaGTca ABP-(pomodocuee; 
CHCTGMa ajircSpaH^GCKHx CTpyKTyp H3Ha^ajiBHOG aScTpaKTHOG mo^gjih, xapaK- 
TGpH3yioH],Hx npH HaTypajiH3an^nH npon;Gcc ABP-({)oto^;ochh, Ha3BiBaGTca (fiop- 
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MaAbHoe zpaMMamuKoe ABP-<|)OTO,aocHH. 

OtMGTHM, HTO nOHHTHH ABP-^OTO^OCHH H ee (f)OpMaJIBHOG TeCHO CBH3aHbI 

c iiohhthgm aHOMaJibHoro hbgtoboto npocTpaHCTBa, nocKOJiBKy hmghho hc- 
nojib30BaHHe no,a,o6HBrx npocTpaHCTB no3BOJiaeT nepe^aBaTb pa3Hoo6pa3Hyio 
HHcj)opMaLi,Hio b pa3JiHHHBix (|)opMax, h KaK cjig,hctbh6, H3yMeHHe npoSjieM 
nepe^aMH HH(|)opMaii,HH Mepe3 ABP, xapaKTep KOTopoe 3<ibhcht ot CTpyKTypti 
hbgtoboto npocTpaHCTBe, ABJiflGTCfl BaaoioG MaTCMaTEraccKOG npoSjieMoe (cp.[8]). 
CTpyKTypa ABP-4>oto^;ochh onpe^ejiaeTca ee (f)opMajiBHOG rpaMMaraKoe. KaK 
SyncT noKa3aHo b cjie^yiomeM naparpa(j)6 4»opMajiBHaa rpaMMarana hhtgp- 
npeTau,HOHHBix tgomgtphg Mo»eT hochtl kb aHTOBBie xapaKTep h, tskhm o6pa- 
30M, cooTBeTCTByioniaa ABP-(f)OTO,zi,ocHfl no/n-rnHflGTCfl kb aHTOBoe jiothkg [9]; 
9tot (J)aKT 3acjiy>KHBaeT caMoro npHCTajibHoro BHHMaHHa KaK tgopgthmgckh 
nojiyMeHHbie cMeniaHHbie nepn;enTHBHo-KorHHTHBHBie aHajior BecbMa HHTepec- 
hbix h M^aTejitHo H3y^aeMbix h ay mhbimh koji JieKTHBaMH MaTeMaTHKOB, dpw- 
3hkob, ncHxojioroB h Heepo(f)H3HO jioroB (KaK TeopeTHMecKH, TaK h aKcnepH- 

MeHTaJIBHo) MHCTO KOTHHTHBHLJX npOHGCCOB, y,3,OB JIGTBOpfllOHTHX KB aHTOB O 6 

JiorHKe. O tm6 thm , mto (J)opMajibHaa rpaMMaTHKa ABP-(|)oto^;ochh b hgkoto- 
pbix KOHKpeTHtix Mo^ejiax HHTepnpeTau,HOHHBix tgomgtphg oScyjK^ajiacb bo 
BTopoe ^acTH paSoTbi [7] c HHTHpoBaHHGM MHoroMHC JieHHoe jiHTepaTypu. 

HgoSxo^hmo otmgthtb, ^to P1ABP, KaK npaBHJio, nojiHCGMaHTHMHa; 9to 
03HaMaGT, ^to o6t>gm h CTpyKTypa HH<|)opMairHH, no JiyMaGMOG npn ABP-^oto^ochh 

MGpG3 HGG, 3aBHCHT OT Ha6 JIIO^aTG JIfl; T&KHM o6pa30M, GCTGCTBGHHaa npo6- 
JIGMa COCTOHT B OIIHCclHHH HH(|)OpMaTHKH HHTGpaKTHBHBIX nCHXOHH({)OpMaT- 
CHOHHBIX BH^GOCHCTGM, CO^Gp>KaiLI,HX 60JI66 0,3H0r0 HaSjIIO^aTG JIfl, B ^aCT- 
HOCTH, KOppGJIHpOBaHHOCTB pa3JIHMHBIX HaSjIIO^GHMG. IIo/IoShBIG CHCTGMBI 

MoryT paccMaTpHBaTBCfl KaK peajiioyionpie HHTcpaKTHBHyio MISD (MultiplG_Instruction- 
SinglG_Data) apxHTGKTypy c napaJiJiGJiBHBiMH HHTGpnpGTaHHOHHBiMH nponec- 

CaMH ^Jlfl pa3JIHHHBIX HaSjIIO^aTGJIGG (9TOT fy&KT CJIG^yGT paCCMaTpHBaTB B 
KOHTGKCTG 3aMGMaHHfl O KBaHTOBO- JIOTEPTGCKOM XapaKTGpG ABP-({)OTO^OCHh) ; 
Ha 9TOM nyTH Mbl CTaJIKHBaGMCfl C flB JIGHHGM, CnGD;H(f)HMHBIM #JIfl nO^oSHBIX 
CHCTGM, HO, B03MO>KHO, HMGIOIflHM H 60JIGG oSlflGG 3HaMGHHG: a HMGHHO, npOT- 
CGCCBI HaSjIIO^GHHfl pa3JIHMHBIMH HaSjIIO^aTG JIflMH nOpWK^aiOT HH(f)OpMaHHOHHBI6 

oSmgh M6>K,ay hhmh. 

Onpe/i;ejieHHe 3B. ABP-^oto^ocha ^GpG3 HABP ot o^hoto HaSjiio^aTGJifl k 
.HpyroMy Ha3biBaGTCfl HABP-mejiecme3uee; gcjih b nponecce HABP-tgjigctg3hh 

ABP-(f)OTO,ZI,OCHH OT pa3JIH^HBIX HaSjIIO^aTGJIGG HG yHOBJIGTBOpfllOT npHHirnny 

cynGpno3Hu,HH, 6y^,GM tobophtb, mto hmggt mgcto KOAAenmuBHue dtptfieKm B 

P1ABP-T6JI6CT63HH. 

OTMGTHM, MTO (1) npOHGCC HABP-TGJIGCTG3HH HOCHT ^ByCTOpOHHHG XapaK- 

TGp; HaSjiio^aTGJiH, y^acTByionrHe b HABP-tgjigctgthmgckog KOMMyHHKaT- 

CHH, BBICTynaiOT O^HOBpGMGHHO H KaK HH^yKTOpBI (nOCBIJiaiOHrHe HH(|)OpMaT- 

chk)), h KaK pGiiGnHGHTBi (npHHHMaiomHG gg), Sojigg toto, o6t.gm h CTpyK- 
Typa no JiyMaGMOG HH(|)OpMan;HH 3aBHCHT OT pGU,GnHGHTa TaK >KG KaK H OT HH- 

/lyKTopa; (2) kojijigkthbhbig 9({)({)gkt b HABP-tgjigctg3hh 03Ha^iaGT, ^to hh- 
ZiyKTopBi b HABP hg BocnpHHHMaiOTCfl KaK HG3aBHCHMBiG - ncpG^aBaGMafl 

HH(|)OpMaiI,Hfl HG flBJIflGTCfl CyMMOG HH(f)OpMaHH6, nOCBIJiaGMBIX OT/je JIBHBIMH 
HaSfllO^aTGJIflMH, TaK KaK napHHaJIBHBIG HH(|)OpMai];HOHHBIG nOTOKH OT Ka>K- 
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,Horo HimyKTopa y^acTByiOT b oSmchhom B3aHMO^;eecTBHH, (J)opMHpyH cneT- 
CH(|)HMecKyio HHcj)opMau;Hio, BocnpHHHMaeMyio peHenneHTOM. B stom acneKTe 

.HOJI5KHO SbITB OCOSO OTMGM6HO OTHOIIIGHHG npOHCXOK^eHHH H ABP-TeJieCTe3HH 

k TOMy ({)aKTy, ^to HHTepaKTHBHbie ncHxoHH(|)opMaii,HOHHBiG BH^eocHCTeMbi pe- 
ajiH3yiOT HHTepaKTHBHyio MISD apxHTeKTypy. 

Onpe^ejieHHe 3B. HaSnro/iaTejiB b MaprHHajiBHoe ABP, KOTopoMy He coot- 
BeTCTByeT HHKaKoe HaSjiio^aTejiB b ABP, peajiH30BaHHoe Ha BEmeoKOMnBioTepe, 
Ha3BiBaeTca eupmyaAbHUM; a BnpTyajiBHBie Ha6jno,naTejiB, *iee npouecc HaSjiio- 
AeHHa 3&BHCHT ot HecKOJiBKHx peajiBHBix HaSjiro^aTejiee, Ha3BiBaeTca koaack- 
mueHUM eupmyaAbHUM na6AiodameAeM. 

npucyTCTBue BHpTyajiBHoro HaSjiio^aTejia osHa^aeT, hto hectl npHHH- 
MaeMoe nH({)opMaHHH HHrepnpeTupyeTCH KaK HH<|)opMaHHH, nocBiJiaeMaa yKa3aH- 
hbim peajiBHo He cynjecTByioHrHM HaSjiio^aTejieM. IIpHcyTCTBHe ko JiJieKTHBHoro 
BHpTyajiBHoro HaSjiio^aTejia He o6a3aTejiBHo, ho oSbptho ,hjiji HHTepaKTHBHBix 
BH^eocHCTeM b MHoronojiB30BaTejiBCKOM pe>KHMe; 9tot 4>aKT Taiofce cjie^yeT 
paccMaTpuBaTB b KOHTeKCTe 3aMe^aHHH o tom, hto yKa3aHHBie chctcmbi peaji- 
H3yiOT HHTepaKTHBHyio BHpTyajiBHyio MISD apxHTeKTypy c napajuiejiBHBiMH 
HHTepnpeTau,HOHHBiMH npoHeccaMH pa3JiHMHBix HaSjno^aTejiee. 

Bo BTOpOe MaCTH paSoTBI [7] H3JIO>KeHHBie oSnXHe nOHHTHH npOHJIJIIOCTpHpOBaHBI 

Ha KOHKpeTHoe Mo^ejin HHTepnpeTau,HOHHoe reoMeTpnH, b nacTHocTH, ,n,aH 
npHMep koji JieKTHBHoro BHpTyajiBHoro Ha6jno,naTeJiH, npoacHHiomHe ero cmbicji. 
TaK OTMeMaeTca, mto (1) tojibko nacTB npuHHMaeMoe HH(j)opMaHHH HHTepnpeTHpyeT- 
ch KaK HH({)opMaB,HH, nocBiJiaeMaa kojiji6kthbhbim BHpTyajiBHBiM HaSjiio^aTejieM 
(t.o. ero HajiH^ne He HapyniaeT npncyTCTBHa peajiBHBix Ha6jno,naTejiee), (2) 
npoHecc HHTeH^HpoBaHHH koji JieKTHBHoro BHpTyajiBHoro HaSjiio^aTejia BceT- 
cejio onpe^ejiaeTca B3anMo,neecTBHeM peajiBHBix Ha6jno,naTejiee (T.e. kojijick- 
THBHBie BHpTyajiBHBie HaS^iio^aTejiB npe^CTaBJiaeT coSoe cneHinfmMecKoe o6T.e,HHHeHHoe 
cocTOHHHe peajiBHBix Ha6jno^;aTejiee b HHTepaKTHBHoe ncHxoHH(f)opMaHHOHHoe 
BH^eocHCTeMe b MHorono JiB30BaTe jibckom pe>KHMe), (3) ko JiJieKTHBHBie Bnp- 
TyajiBHBie Ha6jno,a,aTejiB y^acTByeT b HH^opMauHOHHOM oSMeHe c peajiBHBiMH 
HaSjiio^aTejiaMH, SyayMH HHTepnperapyeMBiM (no KpaeHee Mepe, (f)opMajiBHo) 
KaK He3aBHCHMBie HaSjiio^aTejiB. B cbh3h c sthm npe^CTaBJiaeTca BectMa 

B a>KHBIM nOMTH He HCCJie^OBaHHBie BOnpOC O B3aHMO,HeeCTBHH HH^HBH^yaJIBHBIX 

peajiBHBix HaSjiio^aTejiee c kojiji6kthbhbim BHpTyajiBHBiM Ha6jno,a;aTejieM, a 

TaK>Ke o pa3Jio>KeHHH nocjie^Hero Ha HeKoppejiHpoBaHHBie cocTaBJiHionrHe (Kea3ucy6seKmu) 

h hx B3aHMo^eecTBHflx Me>K/iy coSoe. 

B 3aKJnoMeHHe ccf)opMyjiHpyeM npe^;jio>KeHHe, ,noKa3BiBaeMoe b KOHHe BTopoe 
Mac™ paSoTBi [7] nyTeM hbhoto nocTpoeHHH. 

IIpe^jioiKeHHe. Cyu^ecmeywm ModeAU unmepnpemau,uoHHUx zeoMempue, e ko- 
mopux UMewmcfr unmepnpemav l uoHHbie cfiyzypu, Ha6AwdaeMue moAbKO e mhozo- 
noAb3oeameAbCKOM peatcuMe. 

IIpe^CTaBJiaeT hh Tepee bbijtb jieHHe sHa^eHHs MexaHH3Ma Ha6jno^;eHHH no^;o6- 
hbix (})Hryp b paMKax oSniee MaTeMara^ecKoe Teopnn Hrp [10,11]. 

K co>KajieHHio, HecMOTpa Ha cboh ,a,ocTOHHCTBa onHcaHHBie BBinie Mexa- 
hh3m HABP-TejiecTe3HH, no-BH^HMOMy, He no3BOJifleT Henocpe^CTBeHHO oc- 
ymecTBJiaTB nepe^a^iy KorHHTHBHoe HH(f)opMaHHH. OnncaHHio nonBiTKH TeM He 
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MeHee HcnojiL>30BaTL> PIABP-tgjigctgshio /(Jin peajiH3an;HH ycKopeHHoe hgbgp- 
SajibHoe KorHHTHBHoe KOMMyHHKanHH b paMKax HHTerpHpoBaHHBix eudeoKoz- 
Humuenux HHTcpaKTHBHux chctgm nocBameHBi TpeTHe h MeTBepTbie naparpa<|) 
/laHHoe CTaTbH. 

§2. OnepaTopHbie (KBaHTOBO-nojieBBie h CTOxacTH^iecKHe) 

MeTO,ZLBI B TOOpHH HHTepaKTHBHBIX .ZLMHaMMMGCKHX 

BH^eocHCTeM h HeKOMMyiaTHBHafl Ha^iepTaTejiBHaH reoMeTpna 

HaHBie naparpacj) nocBanieH (J)opMajiH3anHH h ,zr8TajiH3aiLWH H3Jio>KeHHoe b 
npe,ZLL>i,ziyLLi,eM naparpa4»e hhtyhthbho npo3pa^Hoe reoMeTpHraecKoe KapTHHBi 
h pa3pa6oTKe cooTBeTCTByioniero ajireSpatiMecKoro h aHajiHTH^ecKoro an- 
napaTa. B pe3yjiL>TaTe ycyiiiecTBJieHHa 9Toro mbi SyzreM o6jia;iaTL> bo3mo>k- 
hoctbio SoJiee CTpororo MaTeMaTHraecKoro onticaHHa kohkpgthljx Mo^eJiee 
KaK c iiejibio ^ajiBHeeniero npoacHeHLia oSillhx reoMeTpEraecKHx acneKTOB, 
TaK h KOHKpeTHoe annapaTHo-nporpaMMHoe pa3pa6oTKH kohkp6thljx hhtgp- 

aKTHBHBIX BH^eOCHCTeM peaJIBHOrO Bp6M6HH. 

2.1. OSmiie onepaTopHBie acneKTBi HHTepaKTHBHBix ^HHaMH^ecKax BH^eo- 
CHCTeM h HeKOMMyTaTHBHaH reoMeTpHH. CymecTByeT HecKOJibKo niHpoKo 
ynoTpeSjiaeMBix oSlllhx cnocoSoB 3a,a,aHHa 9bojhod;hh H3o6pa>KeHHe b hhtgp- 
aKTHBHbix ^HHaMHMecKHx BH^GocucTGMax peajiBHoro BpeMeHH. IIpHBe/ieM H6KO- 
Topbie H3 hhx: 

(1) $opMyAU 9eAepa [12]: 

$(t) = A(t,u, ii,S)Q(t), 

rp,e u = u(t) G C ~ M 2 - TeKyniee noJioJKeHne tomkh B3opa (t^khm 
o6pa30M, 9KpaH paccMaTpHBaeTca KaK ^acTL. KOMnjieKCHoe njiocKoc™ 
C ~ M 2 ), u = u{t) - OTHocHTejitHaa ckopoctl. ee cMenieHHa, £ = £(£) - 
/tonojiHHTejibHbie ^HHaMH^ecKHe napaMeTpu hhtgp aKTHBHoro ynpaBJieHna, 
$ = <£>(t) - coBOKynHocTL. HenpepbiBHo pacnpe.nejieHHL.ix KHpajiL.HL.ix 
(T.e. rojioMop({)Ho-aHTHrojioMop(|)Ho pacLiienjieHHL.ix, cm.[1]) BH3yajitHtix 
xapaKTepHCTHK H3o6pa>KeHHa (lt,bgtob h oSepiLBeTOB), A = A(t,u,u,£) 
- JIHHGGHL.IG onepaTop. JIhhgghl>ig onepaTop A k&k <J)yHKu,Ha u h u 
Ha3L>iB aGTca yzAoeuM onepamopnuM nojieM, nojiG A (booShlg roBopa, 

HGOrpaHHMGHHOG ) rO JIOMOp(f)HO 3aBHCHT OT U H U H (cJiaSo) HGnpGpBIBHO 

no £ b no^xo^aLtiGG (hg o6a3aTGJiL.Ho MeTpH3yeMoe) oSlltgg TOnOJIOrHH 
Ha npocTpaHCTBG napaMGTpoB hhtgp aKTHBHoro ynpaBJiGHHa (HanpHMep, 
6HonoTGHLi,HajiOB 33F h 9PT, /^HHaMHMecKHx napaMGTpoB pecnnpa- 

TOpHOrO pHTMa H T.n., a TaKJKe (j)yHKLI,HOHaJIL.HL.IX KOMnJIGKCOB nGpGMHCJIGH- 

hbix bgjihmhh). UtiHaMMKa yrjioBoro onGpaTopHoro noxta no nepe- 

MGHHOG t MO>KGT B CBOK) OMGpG^L. yZLOB JieTBOpaTL. HGKOTOpOMy ,ZLH({)(f)e- 

peHiLHaJiBHOMy ypaBHGHHio (HanpHMep, ypaBHGHHIO BGJiGpa-ApHOJib^ia 
[13]). 

(2) (PopMyjin 9ejiepa-Eejia8KUHa-KoAOKOAbv,oea [2]: 

d$(t, [oj]) = A(t, u, u, £)Q(t)dt + B ^ u, it, £)$(t, [u])du^\ 

a 
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r,ne dw^ a ' - HaSop CTOxacTH^ecKHx ,a,H(f)(f)epeHnHajiOB. IIpH stom, hh- 
or^a Ha npaKTHKe nojia A(u, it) h B a (u,u) MoryT BKJiioMaTB (cJiaSbie) 
HejiHHeeHocTH. XtuHaMHKa nojiee no nepeMemioe t mojkct b cboio OMepe^B 

KaK H B ^eTepMHHHpOBaHHOM CJiyMae y^IOB JIGTBOpHTB HGKOTOpOMy Rlffy- 

4>epeHii,HajiBHOMy ypaBHeHHio THna ypaBHeHHe Bejiepa-ApHOJiB^a [13]. 

(3) ModeAU c dunaMuuecKUM UHmepaKmuenuM aKpanupoeanueM [1]: B sthx 
McmejiHx coBOKynHocTB bbgtob h oSepnBeTOB ^ = ^ (t) npe,ncTaB jiaeT- 

Cfl B BH^e 

= J(t,u,u,£)Q(t), 

rp,e $ = $(t) y^oBJieTBopaeT 4>opMyjiaM 9ejiepa hjih 4>opMyjiaM Bejiepa- 
BejiaBKHHa-KojioKOJiBB,oBa, a J = J(t,u,ii,£) - jihhsghbig onepaTop (KaK 

npaBHJIO, npoeKTOp C HeTpHBHaJIBHBIM fl/ipOM), KOTOpBie KaK (rOJIO- 

Mopcfmaa) (fjyHKBHH ot uw.ii Ha3BiBaeTCH aKpanupywu^uM onepamopnuM 
noAeM, 9KpaHHpyioia,ee onepaTopHoe nojie, TaK>Ke KaK yrjioBoe h Bee 
ocTajiBHBie nojia, Bxo^flniHe b ypaBHenna sbojiiobhh H3o6pa>KeHHa, 
(cjiaSo) HenpepBiBHo no £ b no^xo^amee (He o6a3aTejiBHo MeTpioyeMoe 
h, bo3mo>kho, CBoee ,HJia KajK^oro onepaTopHoro nojia) oSrnee TonojiorHH 
Ha npocTpaHCTBe napaMeTpoB HHTepaKTHBHoro ynpaBJieHHa. 

(4) ModeAU c naMtrmno [1]: B stom cjiy^ae .zpraaMHKa nBeTOB h o6epn.Be- 
tob 3aBHCHT ot npe,HBicTopHH (HanpHMep, HBJiaeTca HHrerpo,HH(f)(f)ep- 
emrHajiBHoe no BpeMeHn). 

HeKOTopBie KOHKpeTHBie peajiH3au,HH ^hhcimhk, onHcaHHBix BBinie, .nocTa- 
to^ho xoponio Hccjie^oBaHBi 9KcnepHMeHTajiBHO (HanpHMep, t.h. chctcmbi c 
MacTH^HBiM yBJieMeHHeM h MacKnpoBaHHeM - cm.[1]). 

IIpH aHajiH3e nepeMHCJiemiBix Mo^ejiee (Ha ycToeMHBocTB H3o6pa>KeHHa h 
T.n.) Ba>KHyio pojib nrpaiOT onepaTopHBie (KBaHTOBO-noJieBBie h CTOxacTHM- 
ecKHe) MeTO^Bi (cm. HanpHMep [1,2,7,12,13]). PlcnojiB30BaHHe KBanroBo-nojieBBix 
MeTO^OB, KaK npaBHJio, ocHOBBraaeTca Ha cjie^yiomeM jjonymeHHH, Ha3BiBae- 
mom zunome3oe onepamopnoe aAze6pu, a hmchho, mto KoscfxfmnHeHTBi pa3Jio>KeHHe 
onepaTopHBix nojiee, Bxo^aniHx b .zpraaMH^ecKHe ypaBHeHna, no BceM nepe- 
MeHHBiM KpoMe u, o6pa3yiOT 3aMKHyTyio onepaTopHyio ajireSpy KBaHTOBoe 
TeopHH nojia Syny^H onep aTopHBiMH nojiaMH no u. TaKHM o6pa30M, npe^nojiaraeT- 
ca, mto HeKOTopBie BejiHHHHBi, nojiHOCTBio xapaKTepH3yioHrHe aBOJnonnio chc- 
TeMBi, o6pa3yiOT HeKOTopBie ajireSpaHMecKHe oSi^eKT, onpe^ejieHHe KOToporo 
npHBO^HTca hhjk6. Otmcthm, hto b HeKOTopBix ^acraBix KJiaccax Mo,nejiee 
rnnoTe3y onepaTopHoe aJireSpBi yuaeTca (})opMaJiBHO ,noKa3aTB. 

Onpe^ejieHHe 4A. KTU-onepamopnoe a,Aze6poe (onepamopnoe a,Aze6poe Kean- 
moeoe meopuu no Aft) Ha3BiBaeTca JiHHeeHoe npoerpaHCTBo H, CHa6>KeHHoe 3a- 
BHcarnee ot napaMeTpa x, npoSeraioraero MJ 1 hjih C n , onepanHee mg(-, •), ^jih 
KOTopoe BBinojiHaeTca cjie/ryioraee TO>K,necTBo: mj(-, m^(-, •)) =m^(m^(-, ■), ■). 
Hhbimh cjioBaMH, KTII-onepaTopHaa ajireSpa aBJiaeTca napoe (H,t^(x)), r^e 
H - JiHHeeHoe npocTpaHCTBo, a t^Ay) - _£f-3HaMHoe TeH3opHoe nojie Ha M, n hjih 
C n TaKoe, mto t\ m (x)tjl(y) = t^(y—y)t mk (y). Hone t\Ax) peajiH3yeT onepannio 
m&(-,-) cjie^yioniHM o6pa30M: mg(ei,ej) = i*-(x)efc, r^e {ek} - npoH3BOJiBHBie 
6a3HC b H . 

BBe/ieM onepaTopBi lg(ei)ej = t\Ax)ek (onepaTopBi yMHoaceHHH cjieBa b 
KTII-onepaTopHoe ajireSpe), Tor^a SyziyT hmctb MecTO cjie^yionine TO>K^;ecTBa: 
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lx( e i)ly{ e j) 

= tij(x — y)ly(ek) (onepamopnoe pa3Ji09tcenue) h l^{ei)lg{ej) = lg{l^-g{ei)ej) 
(mootcdecmeo dyaAbnocmu). 

B jiHTepaType no MeTeMaTEraecKoe (f)H3HKe, KaK npaBHJio, HcnojiB3yeTca 
o6o3Ha^eHHe ip(x) ,zijih onepaTopoB l$(<p) (<p G -ff). BejiHMHHBi <p(x) Ha3BiB aiOT- 
ca onepaTopHMMH iiojihmh. B TepMHHax onepaTopHBix nojiee onepaTopHLie 

pa3JIO>KeHHH npHHHMaiOT BUR 



<Pi(x)<p 2 (y) = F a (x -y)ip a (y), 

mto 03HaMaeT pa3Jio>KHMocTB npoH3Be^ieHHa onepaTopHBix nojiee no onepa- 
tophbim nojiaM KTII-onepaTopHoe ajireSpBi. Ecjih HaSop KOHKpeTHBix onep- 
aTopHBix nojiee 3aMKHyT othochtcjibho no^oSHBix pa3Jio>KeHHe, to hm mojkct 
Sbitb conocTaBJieHa aScTpaKTHaa KTII-onepaTopHaa ajireSpa, gjieMeHTBi ko- 
Topoe ohh npe^iCTaBJiaiOT. 

Ecjih dtfj = 0, to KTII-onepaTopHaH ajireSpa HBJiaeTca oStraHoe accoT- 
CHaraBHoe ajireSpoe. BjieMeHT ip KTII-onepaTopHoe ajireSpBi Ha3BiBaeTC.a 
jieBBiM ^ejiHTejieM Hyjia, ecjiH lg((p) = 0; e^HHHijee b KTII-onepaTopHoe aji- 
reSpe H Ha3BiBaeTCH ajieMenr 1 TaKoe, mto Z#(l) = id; b KTII-onepaTopHoe 
ajireSpe c e^HHHuee h 6e3 jieBBix .nejinrejiee Hyjia l^-g = <f', ecjin V 

- jiHHeeHoe npocTpaHCTBo JieBBix .nejiHTejiee Hyjia b KTII-onepaTopHoe aji- 
reSpe H, to (Vy? G H)l$((p)V C V h H/V - KTII-onepaTopHaH ajireSpa 
6e3 JieBBix ^ejiHTejiee Hyjia. B KTII-onepaTopHoe ajireSpa c e,a,HHHnee 1 
onpe^iejieH onepaTop L (onepamop UH(puHume3UMaAbHux mpaHCAsryue): hip = 
-^(l^(ip)l) |~_ , onepaTop HH(j)HHHTe3HMajiBHBix TpaHCJumHe L HBJiaeTca ,zth(|)- 
4»epeHD;HpoBaHHeM KTII-onepaTopHoe ajireSpBi H 6e3 JieBBix .nejinrejiee Hyjia, 
T.e. pjib. jiioSoro (p H3 H hm6gt MecTO paBeHCTBo [L, l&((p)] = lg(Li(p); KaK cjie,zi- 
CTBHe l$((p)l — exp(x-Li)ip. Ecjih H - npoH3BOJiBHaa KTII-onepaTopHaH ajire- 
Spa h L - HeKOTopoe ee .zrnc^epeHBHpoBaHHe, to b jiHHeeHOM npocTpaHCTBe 
H = H © (1) 3a^aHa CTpyKTypa KTII-onepaTopHoe ajireSpBi c e,HHHHnee 1: 
ls(<p)l = exp(f • L)<p, = id. 

BMecTO KTII-onepaTopHBix ajireSp HHor^ia hmcgt cmbicji paccMaTpHBaTB 
OTBeMaiomne hm jioncuibHue nojieeue cuize6pu, oSbraHBie acconHaTHBHBie aji- 
reSpBi, noJiyMaioniHeca H3 KTII-onepaTopHBix ajireSp nepeHopMnpoBKoe no- 
TOMe^Horo yMHO>KeHHH onepaTopHBix nojiee (otmcthm, mto TeH3opHBie nojia 
tij(x), KaK npaBHJio, CHHry jihphbi b TOMKe x = 0, h nosTOMy noTOMe^Hoe 
npoH3Be^eHHe onepaTopHBix nojiee ({)opMajiBHo SecKOHeMHo hjih Heonpe^e- 
jieHo). I[pon;e^,ypa nepeHopMnpoBKH onncaHa b paSoTe [14]. PaccMOTpnM 
^ijih npocTOTBi HHTepecyioHiHe nac cjiy^ae, Kor^a x = u npoSeraeT KOMnjieK- 
CHyio njiocKOCTB, a onepaTopHBie nojia MepoMopcj)HBi no u. 

PaccMOTpnM, Hapa/iy c onepaTopHBiMH nojiHMH (p(u), napaMeTpn3yeMBiMH 
9 jieMeHTaMH ip npocTpaHCTBa H, BBipa>KeHHa 

(p(f) = res { f(u)(p(u) — 1 = lim {f(u)(p(u) — CHHryjiapHOCTH} . 

u=0 I U u^O 



OnepaTop tp(f) 3a^iaeTca 9 jieMeHTOM ip npocTpaHCTBa H h MepoMop(|)Hoe ({)yH- 
Kirnee f(u) (hjih MepoMopc{)Hoe l-({)opMoe ^ cnjiy onepaTopHBix pa- 
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3Jio»ceHHe npoH3Be^;eHHe ^p a (f)^Pp(9) £Byx onepaTopoB <p a (f) H ^pid) KoppeK- 
tho onpe^ejieHo h ^.onycKaeT npe^CTaBJiemie 



(*) <Pa(f)<P/3(g) = fiiKp) » r ^ e h lp( u ) = 




yKa3aHHaa npone,ziypa npe^CTaBJiaeT coSoe nepeHopMHpoBKy noTOMeMHoro 
npoH3Be^;eHHfl onepaTopHBix nojiee b KTII-onepaTopHoe ajireSpe. IIpH stom 
onepaTopHbie pa3Jio>KeHHH HHrepnpeTHpyioTCH KaK peryjijipH3anHH noTOMe^Horo 
npoH3Be/i;eHHH, a (f)yHKn,HH fug — KaK napaMeTpu, ot kotopbix 3cIBhcht 
pe3yjibTaT nepeHopMnpoBKH. BjiHHHHe 3aM6HBi (f)yHKu,HOHajiBHBix napaMeTpoB 
Ha pe3yjibTaT onepanHH nepeHopMHpoBKH (nepeHopMHpoBOHHaa HHBapnaHT- 
hoctb) onHCbiBaeTca <|)opMyjiaMH (*). 

OnepaTopbi <p(f) 3 aMKHy tbi othocht6jibho yMHO/KeHHH h o6pa3yiOT accoiiH- 
aTHBHyio ajireSpy 'Qi(H). Qtsl acconHaTHBHaa ajireSpa Ha3BiBaeTca jioKajiBHoe 
nojieBoe ajireSpoe, OTBeMaioniee KTII-onepaTopHoe ajireSpe H. KaK npaB- 
hjio, HGKOMMyTaTHBHyio jioKajiBHyio nojieByio ajireSpy %i(H) ,hjih MepoMop<|)Hoe 
KTII-onepaTopHoe ajireSpBi H mo>kho paccMaTpHBaTB KaK CTpyKrypHoe kojibd;o 
HeKOToporo HeKOMMyTaTHBHoro MHoroo6pa3HH (HeKOMMyTaTHBHoro paccJioeHHH 
Ha/i CP 1 hjih HeKOMMyTaTHBHoro HaKpBiTHa CP 1 ) (cp.[15-17]), a TeM CaMBIM 

HHTepnpeTHpOBaTB COBOKynHOCTB OnepaTOpHBIX MeTO,H,OB b TeopHH HHTepaK- 

thbhbix ^HHaMHMecKHx BH^eocHCTeM peajiBHoro BpeMeHH KaK HeKOMMymamueHyw 
nauepmameAbHyw zeoMempwo (cp.[13]). 

2.2. TeopeTHKO-rpynnoBbie h ajireSpaEraecKne acneKTti HHTepaKTHBHBix 
flHHaMHqecKHx BH^eocHCTeM. KaK npaBHJio, pa3yMHo paccMaTpHBaTB Te 

KOHKpeTHBie MO^eJIH HHTepaKTHBHBIX ^HHaMHMeCKHX BH^eOCHCTeM, KOTOpBie 

oSjia^aiOT Toe hjih HHoe 4»opMoe HHBapHaHTHOCTH no OTHonieHHio k reoMeT- 
pn^ecKHM npeo6pa30BaHHHM H3o6pa>KeHHji hjih BHyTpeHHHM npeo6pa30BaHHHM 
HBeTOBoro npocTpaHCTBa. O^Hoe H3 npocTeeniHx 4»opM reoMeTpHMecKoe hh- 

BapHaHTHOCTH HBJIHeTCfl HHBapHaHTHOCTB OTHOCHTe JIBHO npoeKTHBHBIX npeO- 

6pa30BaHHe CP 1 , T.e. rpynnBi PSL(2, C) hjih ee ajireSpBi JIh sl(2, C), xoth 
peaJiBHO b CHJiy Tex hjih hhbix iiphmhh, oSycJiOBJieHHBix KOHKpeTHoe peaJiH3aT- 
cnee, MoryT paccMaTpHBaTBca mo^jih c HHBapnaHTHocTBio, HapynieHHoe ,no 
TpaHCJiau,HOHHBix h MacnrraSHBix npeo6pa30BaHHe (npHMep TOMy - o6pe3aHHe 
yrjioBoro nojia H3 paSoTBi [1]). HajiHMHe npoeKTHBHoe hhb apnaHTHO cth moa- 
ejiH 03HaMaeT HHBapHaHTHOCTB 9BOJHOHHOHHBIX ypaBHeHne (cf)opMyji Bejiepa, 
Bejiepa-BejiaBKHHa-KojioKOJiBB,oBa h t.js,.), hto b cboio o^iepe^B 3a^aeT ycjioBHH 
Ha onepaTopBi h onepaTopHBie nojia, Bxo/ifliLi,He b sth ypaBHeHna. IIpoeK- 
THBHan HHBapHaHTHOCTB onepaTopHBix nojiee no3BOJiaeT b 3Ha^HTejiBHoe CTe- 
neHH cneu;H(|)Hii,HpoBaTB hx bha (b MacraocTH, aHajiHTHMecKH onncaTB hx 3a- 
bhchmoctb ot u h tt), mto Sbijio npo,a,ejiaHO b [12]. C .npyroe CTOpOHBI, 
npoeKTHBHaa HHBapHaHTHOCTB onepaTopHBix nojiee BJieMeT npoeKTHBHyio hh- 
BapnaHTHOCTB Bcex nocTpoeHHBix c hx noMonrBio aJireSpaHnecKHx CTpyKTyp 
(KTII-onepaTopHBix ajireSp h JioKaJiBHBix nojieBBix ajireSp). CncTeMaTHM- 
ecKne aHajiH3 cooTBeTCTByiomnx npoeKTHBHO — HHBapHaHTHBix CTpyKTyp (on- 
epaTopHBix ajireSp kb aHTOBoe npoeKTHBHoe TeopHH nojia h JioKaJiBHBix npoeK- 
thbhbix nojieBBix ajireSp) Sbiji ,naH b CTaTBe [18]. H3jio>khm KpaTKo Heo6- 
xo/i,HMBie onep^ejieHHH h pe3yjiBTaTBi, cjie^ya [18,19]. 
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Onpe^ejieHHe 4B [18,19]. KTIT-onepaTopHaa ajireSpa (if, t*Au); «GC) Ha3BiBaeT- 
ca KIlTIl-onepamopnoe ajize6poe (onepamopnoe ajize6poe Keanmoeoe npoeKmuenoe 
meopuu noAsr), ecjin (1) npocTpaHCTBo H HBJiaeTca cyMMoe Mo,ziyjiee BepMa 

V a HajJ Si(2, C) C 9KCTpeMaJIL.HL.IMH BeKTOpaMH V a H 9KCTpeMaJIBHBIMH BecaMH 

h a , (2) l u (v a ) HBJifleTca nepBEraHBiM nojieM cmma h a , T.e. [Lk,l u ( v a)] = 
{-u) k (ud u + (k + l)h a )l u (v a ) , r^e L fc - st(2, C)-reHepaTopBi ([Li,Lj] = (i-j)L i+j , 
i,j = —1,0,1), (3) HM6GT MecTO npaBHJio nopoac^eHHH hotomkob: L_il u (f) = 
l u (L_if). KTil-onepaTopHaa ajireSpa (H,w!?Au);u G C) Ha3BiBaeTca npou3eodnoe 
KUTH- onepamopnoe ajize6poe\ ecjin bbiltojihhiotch ycjioBna (1) h (2) BMecTe 
c npoH3BO^HBiM npaBHJioM nopo>K£eHHfl ltotomkob: [L_i,l u (f)] = l-u(L-if)- 

KaK noKa3aHo b paSoTe [19] KaTeropnn KilTII-onepaTopHBix ajireSp h 
npoH3Bo^HBix KnTII-onepaTopHbix ajireSp 9KBHBajieHTHBi. JlBHaa KOHCTpyKT- 
cua aKBHBajieHTHocTH npe,zrBjLB jieHa Tail n<e. KaK cjie^iCTBue, KnTII-onepaTopHBie 
ajireSpbi h npoH3Bo^HBie KnTII-onepaTopHBie aJireSpBi MoryT paccMaTptiBaTBca 
KaK pa3HBie 3anHCH o/lhoto h Toro >Ke o6T>eKTa, h b KOHKpeTHoe CHTyanira 
Mo>KeT HcnojiB30BaTBca HatiSojiee yzroSHaa H3 hhx. 

HeoSxo^HMo otmgthtl , mto b KnTII-onepaTopHBix ajireSpax c e^HHiniee 
L = ad(L_i), a b lt:poh3bo,zlhbix KnTII-onepaTopHBix ajireSpax L = L_i. IIpHMepBi 
KIITIi-onepaTopHBLx ajireSp paccMaTpuBajiHCB b [18,1,13]. 

Ba>KHyio poJiB b CTpyKTypHoe Teopnn KnTII-onepaTopHBix ajireSp nrpaeT 
o/jHa KOHKpeTHaa KnTII-onepaTopHaa ajireSpa — ajireSpa Vert(sl(2, C)) Bep- 
luhhhbix onepaTopoB ,zijih aJireSpBi JIh sl(2, C), KOHCTpyKLLHH KOTopoe co^ep>KHT- 
ch b [18,19]. 9Ta ajireSpa peajiH3yeTca b cKJia^He Mo^iyjiee BepMa Ha/J ajire- 
6poe JIh st(2, C) h .zronycKaeT TOMHoe npe^CTaBJieHne onepaTopHBiMH ltojihmh 
b Mo^ejiH Mo/iyjiee BepMa Ha/J sl(2, C). 3Ha^eHHe 9Toe aJireSpBi BBiaBJiaeTca 
cjie^iyioLiiee TeopeMoe. 

TeopeMa 1 (cm. [18]). IIpou3eoAbnafr a6cmpaKmnafr KTlTU-onepamopnaff cuize- 
6pa Moatcem 6umb peajiu3oeana KaK nodame6pa e ame6pe Mat n (Vert(s((2, C))) 
Mampuv, c Koa<p<puv,ueHmaMU e Vert (s [(2, C)) npu neKomopoM n (KonennoM, ecAU 
KnTII-onepamopnafr aAze6pa codepotcum Koneunoe hucao nepeuunux nojiee, u 
6 ecKonennoM e npomuenoM CAyuae). 

AjireSpa Vert (s [(2, C)) b e pluhhhbix onepaTopoB .zljih aJireSpBi JIh sl(2, C) 
oSjia^aeT pjlzlom ^onojiHHrejiBHBix HHTepe chbix cbocctb. TaK, HanpnMep, nep- 
BHHHBie nojifl b aToe ajireSpe o6pa3yiOT SecKOHe^HOMepHyio ajireSpy 3aMOJio,zi- 
MHKOBa [18]. 

Bojiee no^ipoSHO c 9Toe ajireSpoe, .zipyrHMH KnTn-onepaTopHBiMH aji- 
reSpaMH, jioKajiBHBiMH npoeKTHBHBiMH no JieBBiMH ajireSpaMH (JinnA), hx 
CTpyKTypHoe Teopnee, a TaK>Ke cbh3hmh nepeMHCJieHHBix oSteKTOB c KJiaccHM- 
ecKHMH ajireSpatiMecKHMH CTpyKTypaMH mojkho no3HaKOMHTBca no paSoTaM 
[18,19]. 

IIoMHMO LipOCTpaHCTBeHHBIX CHMMGTpHe MO^eJIH HHTepaKTHBHBIX /JHHaMH^I- 

ecKnx BH^eocucTeM MoryT oSjia^aTB BHyTpeHHHMH CHMMeTpHHMH, HanpHMep, 
n;BeTOBBiMH [1]. Ecjih 9th CHMMCTpHH onep^ie jieaiOTCH rpynnoe G, to cootbct- 

CTByiOLTIHe 9BOJHOLl,HOHHBie ypaBHeHHH ^(OJI>KHBI SbITB G-HHBapLiaHTHBIMH, a 

ajireSpaH^ecKLie CTpyKTypBi, xapaKTepH3yioLiiHe btk ypaBHeHHH, ^onycKaTB 
G b Ka^ecTBe rpynnBi CHMMeTpne. CooTBeTCTByioniHe MexaHH3MBi no^ipoSHO 
HCCJie^oBajincB b paSoTe [13] (cm [1]). Ochobhbimh ajireSpati^ecKHMH 
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o6i.eKTaMH b 9tom cjiy^ae SyzryT t.h. npoeKTHBHBie G-rnnepMyjiBTHnjieTBi, 
onpe^ejieHHe kotopbix .ziaeTca Hnace. 

Onpe/i;ejieHHe 4B [13]. KnTn-onepaTopHaa ajireSpa (npoH3Bo^Haa KnTII- 
onepaTopHaa ajireSpa) (if, i^-(it)) Ha3BiBaeTca npoeKmuenuM G-zunepMyAbmunAemoM, 
ecJiH rpynna G ^eecTByeT b Hee aBTOMop(f)H3MaMH, hhbimh cJiOBaMH, npoc- 
TpaHCTBO H ^onycKaeT CTpyKTypy npe^CTaBJieHHa rpynnu: G, onepaTopbi 
npe^CTaBJieHHH T{g) KOMMyTHpyioT c ^eecTBHeM st(2, C) h l u (T(g)f) = T(g)l u (f)T(g~ 1 ). 

JlHHeeHBie npocTpaHCTBa aKCTpeMajiBHBix bgktopob 3a,ziaHHoro Beca o6pa3yiOT 
no^npe^CTaBJieHHa rpynnBi G, KOTopBie Ha3BiBaiOTca Mt/AbmunAemaMU npoeK- 
THBHoro G-rHnepMyjibTHnjieTa. npoeKTHBHBie G-rnnepMyjiBTHnjieTBi c G D 
SU(3) onHCBroaiOT ajireSpaH^ecKyio CTpyKTypy rmeTOBoro npoerpaHCTBa b 
npo6KTHBHO-HHBapnaHTHBix HABP [1]. KoHKpeTHBie npoeKTHBHBie G-rHnepMyjiBTHnjieTBi 
(KaHOHH^ecKne h THnepKaHOHEraecKHe, h hx MacTHBie cjiy^an - g^-KOHC^opMHBie 
TGopnn nojia) no/rpoSHO Hccjie^oBajiHCB b paSoTax [13,1,18]. Otmcthm TaK>Ke, 
mto MHorne MeTO^Bi xoponio pa3pa6oTaHHoe kb aHTOBoe KOH(f)opMHoe Teopnn 
nojia Henocpe^CTBeHHo hjih nocjie HeKOTopoe Mo#H({)HKanHH oKa3BiB aiOTca npn- 
MeHHMBiMH h k nepeMHc jieHHBiM KOHKpeTHBiM npoGKTHBHBiM G-rnnepMyjiBTHn jieTaM 
[13,18] (b MacTHOCTH, k hhm othochtch KOHCTpyKirHH CyraBapBi, nojia $y 6hhh- 
BeHeipiaHo h bgptgkchbig KOHCTpyKirHH, Virasoro master equations, Mo^yji- 
apHBie 4>yHKTop h t.r.). 

§3. OpraHH3an;Hii HHTerpHpoBaHHBix HHTepaKTHBHLix 
BH^eoKorHHTHBHtix chctgm peajiBHoro BpeMeHH 

HaHHBie naparpacf) nocBarneH oSbxhm npHHinanaM opraHH3an.HH HHTerpHpoBaH- 
HBix HHTepaKTHBHBix BH^eoKorHHTHBHBix cHCTeM peajiBHoro BpeMeHH. HHTe- 
rpHpoBaHHocTB noHHMaeTca KaK coBMecTHoe 4>yHKnHOHHpoBaHHe ^Byx noA- 

CHCTeM, OflHa H3 KOTOpBIX - HCKyCCTBeHHaH (9TO, KaK npaBHJIO, HHTpaKTHB- 

Haa ^HHaMHMecKaa BH^ieocHCTeMa), a .zrpyraa - ecTecTBemiaa (ceHcopHaa, 
b t.m. BH3yajiBHaa, pecnnpaTopHaa, KorHHTHBHaa hjih cMernaHHaa). Heo6- 

XO/JHMO OTM6T0TL , ^TO SoJIBHiaa HaCTB peaJIBHBIX BH^eOCHCTeM, TaK HJIH HH- 

aMe hocht aBHBie hjih cKpBiTBie BH/ieoKorHHTHBHBie HHTerpHpoBaHHBie xapaK- 
Tep, noaTOMy npe^iCTaBJiaeT HHTepec H3yMeHHe hmchho HHTerpHpoBaHHBix HH- 
TepaKTHBHBix CHCTeM. 

0^,HaKo, npe>K^ie MeM nepeeTH k H3yMeHHio HHTerpHpoBaHHBix HHTepaK- 
THBHBix CHCTeM, HeoSxO^HMO .ZiaTB aHaJIH3 eCTeCTBeHHBIX HHTepaKTHBHBIX CHC- 
TeM, /IJia TOTO MT06BI IIOHHMcITL 3aKOHOMepHOCTH HX (j}y HKITHOHHpOB aHHa B 

cocTaBe HHTerpHpoBaHHBix CHCTeM. IlpH 9tom, pa3yMHo paccMaTpHBaTB npocTeeniHe 
CHCTeMBi ceHcopHoro THna, 3aTeM nepeeTH k cooTBenTByronrHM HHTerpnpoBaH- 
hbim cHCTeMaM (BH^ieoceHcopHBiM h BH^eopecnnpaTopHBiM) , h jihbib nocjie 

STOrO CKOHB,eHTpHpOBaTB BHHMaHHe Ha CoScTBeHHO BH^eOKOTHHTHBHBIX CHC- 

TeMax. 

3.1. BHpTyajiH3aijHH KaK MeTO^; onHcaHHfl KJiacca (f)H3HMecKHx HHTep- 
aKTHBHBix HH(})opMaii;HOHHBix CHCTeM [18,20]. H3jio>khm cjie,a;ya [18,20] oc- 

HOBHBie npHHB,HnBI BHpTyaJIH3au;HH eCTeCTBeHHBIX (f)H3H^eCKHX HHTepaKTHBHBIX 

CHCTeM KaK MeTO/ia hx KHHeMaTH^ecKoro onncaHHa. 

Onpe/i;ejieHHe 5 [20]. M3o6paotcenueM ecmecmeeHHoe unmepaKmueHoe cucmeMU 
c noMOWfbio ucKt/ccmeeHHoe unmepaKmueHoe eudeocucmeMU SyneM Ha3BiB aTB 
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3a^aHHe ajiropHTMa nocTpoeHHH ^HHaMHMecKoro H3o6pa>KeHHH npoH3BOJiBHoro 
npoTeKaiomero b ecTecTBeHHoe chctcmg HHTepaKTHBHoro nponecca nocpe,n- 
ctbom HHTeHn,HOHajiBHoe aHOMajiBHoe BHpTyajiBHoe peajiBHOc™, peajiH3yeMoe 
KOMnBioTeporpa(|)H^ecKHM HHTepcpeecoM hckycctbghhog HHTepaKTHBHoe BH^eo- 
chctgmbi. BupmyaAU3av,uee ecmecmeeHHoe UHmepaKmuenoe cucmeMU 6y,neM 
Ha3BiB aTB conocTaBJieHHe ee ee H3o6pa>KeHHji c noMonrBio hckycctbghhog HH- 
TepaKTHBHoe bh^isochctgmbi no onpe^ejieHHoe coBOKynHocTH aKcnepuMeHTajiBHBix 
/laHHBix o chctgmg b ycTaHOBHBniGMCH aBTOKo JieSaTe jibhom peacHMe. B CBOK) 
OMepe^B Hcxo,a,Hyio HHTepaKTHBHyio cucTGMy SyneM Ha3BmaTB peaAU3av,uee 
ucKyccmeeHHoe unmepaKmueHoe cucmeMU. 

Hhbimh cjiOBaMH, BHpTyajiH3au,HH ecTecTBeHHoe HHTepaKTHBHoe chctcmbi 
no3BOJiaeT no xapaKTepncraKaM HeKOToporo orpaHHMeHHoro MHo>KecTBa aBTO- 

KOJieSaTeJIBHBIX HHTepaKTHBHBIX nponeCCOB (pOpMHpOBaTB ^HHaMHMeCKOe H30- 

6pa>KeHHe npoH3BOJiBHoro (He o6a3aTejiBHo aBTOKOJieSaTe jibhoto) HHTepaK- 
THBHoro nponecca nocpe^CTBOM HeKOTopoe HCKyccTBeHHoe HHTepaKTHBHoe chc- 
TeMBi. BbiSop TepMHHa "BHpTyajiH3anHa" n,BH3aH c TeM, hto ^hhcImhmcckoc 
H3o6pa>KeHHe HHTepaKTHBHoro nponecca npe^CTaBJiaeT coSoe aHOMajiBHyio 
BHpTyaJiBHyio peaJiBHOCTB b ninpoKOM CMBicJie aToro noHHTHS. 

BBH/iy ^ejieHHa HnrepecyionrHX Hac ecTecTBeHHBix hhtcpkthbhbix cHCTeM 
Ha aKTHBHyio h naccHBHyio cocTaBJijnonrHe (aKTHBHoro h naccHBHoro areHTa) 
xapaKTepncTHKH ycTaHOBHBnieroca aBTOKOJieSaTe jibhoto nponecca no,npa3,zi,ejiHiOT- 
ca Ha rpacpH^ecKHe ,a,aHHBie o ^HHaMH^ecKOM coctohhhh naccHBHoro areHTa h 
aMnjiHTyznro-^acTOTHBie xapaKTepncTHKH aKTHBHoro areHTa. BnpTyajiH3aT- 
chh ecTecTBeHHoe HHTepaKTHBHoe chctcmbi 3aKjnoMaeTca b 3a,naHHH ajiro- 
pHTMa emopuuHozo cuHme3a [20] rpacpH^ecKHx ,oaHHBix o /ihhcimhmsckom coc- 
tohhhh naccHBHoro areHTa npn jiioSom HHTepaKTHBHOM nponecce no 3a,naHHoe 
coBOKynHocTH y Ka3 aHHBix ^aHHBix npn ycTaHOBHBniHxcfl aBTOKOJieSaTe jibhbix 
nponeccax H3 HeKOToporo MHoacecTBa, a TaK>Ke cooTBeTCTByionrHx aMnjiHrynHO- 
MacTOTHBix xapaKTepHCTHK aKTHBHoro areHTa b sthx nponeccax; npHHiiHn- 
HajiBHaa CTpyKTypHo-ajiropHTMHqecKaa cxeMa BHpTyajiH3anHH ecTecTBeHHBix 

HHTepaKTHBHBIX CHCTeM, OCHOBaHHOe Ha HCnO JIB30BaHHH BTOpHMHOTO CHHTe3a 

H3o6pa>KeHHe npHBe^eHa b paSoTe [20]. 

Kpumepue adeKearrmocmu u3o6paotceHUfr u KoppeKuiHocmu eupmyaAU3av,uu [20]. 
BHpTyajiH3anHH ecTecTBeHHoe HHTepaKTHBHoe chctcmbi HBJiaeTca KoppeKmoe, 
ecjiH nojiy^aiomeeca b pe3yjiBTaTe Hee H3o6pa>KeHHe 9Toe chctcmbi nocpe,a;- 

CTBOM HeKOTOpOe HCKyCCTBeHHOe HHTepaKTHBHoe BH^eOCHCTeMBI a^eKBaTHO 

Hcxo^Hoe cHCTeMe, T.e. npn o^HOBpeMeHHOM (pyHKnHOHHpoBaHHH KaK HCKyccTBeHHoe, 

TaK H eCTeCTBeHHOe HHTepaKTHBHBIX CHCTeM C OffHWM H TeM >Ke aKTHBHBIM 

areHTOM BocnpoH3Be^eHHe H3o6pa>KeHHji 3a,naHHoro HHTepaKTHBHoro npoT- 
cecca no3BOJiaeT (npn onpe^ejiemioM coctohhhh h penieHHH aKTHBHoro areHTa) 
BBi3BaTB ero ynaBJiaeMoe npoTeKaHHe b ecTecTBeHHoe HHeTapKiHBHoe CHCTeMe. 
Pa3yMeeTca, H3o6pa>KeHHe Mo>KeT Sbitb o^HOKpaTHO nocTpoeHo Ha ocho- 

BaHHH SKCnepHMeHTaJIBHBIX ^aHHBIX O (pyHKU,HOHHpOBaHHH ecTecTBeHHoe HH- 
TepaKTHBHoe CHCTeMBI C /ipyrHM aKTHBHBIM areHTOM He>KeJIH TOT, KOTOpBie 

yMacTByeT b BocnpoH3Be^eHHH H3o6pa>KeHHH. Otmcthm TaK>Ke, mto npn BocnpoH3Be- 
,neHHH H3o6pa>KeHHH npe^ycMaTpHBaeTca coBMecTHoe o^HOBpeMeHHoe (pyHKT- 

CHOHHpOBaHHe ^ByX pa3JIHMHBIX HHTepaKTHBHBIX CHCTeM ^HCKyCCTBeHHOe H eC- 

TecTBeHHoe) c o^hhm cy StdCktom. TaKHM o6pa30M, ocHOBHoe OTJiH^ne Bnp- 
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TyajiH3au,HH ot MaTeMaTH^ecKoe Mo^ejiH 3aKJiioMaeTca b tom, ^to nocjie^Haa 
HBJiaeTca HucmuM decKpunmopoM (j)H3ErqecKoro npouecca, b to BpeMa KaK nep- 
Baa - decKpunmopoM-KOHcmpyKmopoM. 

C(j)opMyjiHpyeM pa,n (peoHOMeHOJiorn^ecKHX npHHHHnoB, bbiiiojihghhg koto- 

pBIX, nO-BH^HMOMy, HeoSxO^HMO flJISi KOppeKTHOCTH BHpTyaJIH3aHHH: 

- IIpuHVfUn u30cmpyKmypHoe udeozpatfiuuHocmu eupmyaAU3av,uu [20]: BnpTyaji- 
H3arrHa ecTecTBeHHoe HHTepaKTHBHoe chctgmbi .nojDKHa Sbitb nocTpeHa TaK, 
mto nojiyMaioin,eeca nocpe^CTBOM Hee H30 6pa>KeHHe hmcjio Ty >Ke BHyTpeH- 
hioio aJireSpairaecKyio CTpyKTypy, hto h Hexo^Haa CHCTeMa; 

- IIpuHVfUn dunaMUHecKoe aKeueaAeHmHocmu UHmeHV,ue [20]: BHpTyajiH3aiiHa 
ecTecTBeHHoe HHTepaKTHBHoe chctcmbi ,n;oji>KHa Sbitb nocTpoeHa TaK, mtoSbi 
napaMeTpbi, xapaKrepH3yioHrHe hhtchchbhoctb hh Te hhhh cy6T.eKra Ha oSteKT, 
,a,jia Hee h ee H3o6pa>KeHHa coBna^ajin b npouecce ^HHaMHMecKoro cy 6T>eKT- 
o6T.eKTHoro B3aHMo^eecTBHa. B Ka^ecTBe no^oSHoro napaMeTpa mtokho pacc- 
MaTpHBaTB KoppejiairHio noBe^eHMecKHx peaKHHe cy6T.eKTa h ^HHaMH^ecKHx 
xapaKTepHCTHK o6i.eKTa. 

3.2. IIpHMepBI OpraHH3ai];HH HHTerpHpOBcLHHBIX HHTepaKTHBHLIX CHCTeM 

h nepcneKTHBBi pa.3BHTna [20]. PiHTepaKTHBHBie chctcmbi no,npa3,z];ejiaiOTca 
Ha cjie/ryiOHrHe KJiaccBi: 

- IIo npoucxootcdemm: Ha HCKyccTBeHHBie, ecTecTBeHHBie h HHTerpnpoBaH- 
HBie. 

- IIo muny UHmepcfieeca Ha BH^eocHCTeMBi, ayzpiocHCTeMBi, oSnrHe ceH- 
copHBie (BKJiioMaa TaKTHJiBHBie), pecnnpaTopHBie h KOMnjieKCHBie (ay- 
^HOBH^eocHCTeMBi, BH^eoceHcopHBie , BH^eopecnnpaTopHBie h t.^;.). 

- IIo v,ejiu (pyHKV,uoHupoeaHuau: Ha chctcmbi ynpaBJieHna, chctcmbi HaSjiio- 
,neHHa, oSpaSoTKH h xpaHeHna HHcpopMainrH, chctcmbi caMoperyjiaHHH 

H ayTOTpeHHHTa, CHCTeMBi KOMMy HHKaHHH . 

- IIo uucjiy noAb3oeamejiee: Ha oaho- h MHoronojiB30BaTejiBCKHe . 

K HanSojiee hhtgpgchbim OTHocaTca cpe^H mhothx .apyrnx cjie^yioniHe 

BH/TBI HHTepaKTHBHBIX CHCTeM: (1) HCKyCCTBeHHBie BH^eOCHCTeMBI "aBTOMaTHM- 

ecKoe apaH>KHpoBKH BocnpnaTHa", b tom MHCJie MHoronojiB30BaTejiBCKHe, hc- 
nojiB3yioia;He BTopHHHBie chhtc3 H3o6pa>KeHHe (BCP1) [20], (2) BKiHonaionrHe 
npe^Bi^ymHe bh^ b Ka^ecTBe no,a,CHCTeMBi HHTerpHpoBaHHBie BH^eoceHcopHBie 
CHCTeMBi HHTepaKTHBHoro 3peHna, (3) HHTerpHpoBaHHBie BH^eopecnnpaTopHBie 
CHCTeMBi caMoperyjiaHHH, ayTOTpeHHHra h KorHHTHBHoe CTHMy jiairHH , (4) HH- 
TerpHpoBaHHBie MHOTOnO JIB30BaTeJIBCKHe BH,HeOKOrHHTHBHBie CHCTeMBi yCKO- 

peHHoe HeBepSajiBHoe KOMMy HHKaHHH . 

nepcneKTHBHBiM b oSjiacTH CHCTeM BCH [20], HrpaionrHx KJHO^eByio pojib 
npn npoeKTHpoBaHHH mhothx HHTerpnpoBaHHBix chctcm, aBJiaeTca, no-BH^HMOMy, 
H3yMeHHe hhtc JiJieKTyajiBHBix CHCTeM BCP1 c ^HHaMH^ecKoe HHTepaKTHBHoe 
HacTpoeKoe (a TaK>Ke pa3pa6oTKa nopTaTHBHBix BH^eocncTeM chhxpohhoto 

BCP1 H KOMnJieKCHBIX MHOTOnO JIB30BaTeJIBCKHX chctcm). Chctcmbi BCH c 

/IHHaMHMecKoe HHTepaKTHBHoe HacTpoeKoe MoryT paccMaTpHBaTBca KaK chc- 
tcmbi "aBTOMaTHMecKoe apaH>KnpoBKH BocnpnaTHa" b paKypce ^eaTejiBHocTH, 

CBa3aHHOe C KOMnBIOTepHBIMH CHCTeMaMH HHTepaKTHBHOTO "aBTOMaTH^eCKOrO 

nncBMa", a TaK>Ke nccjie^oBaHHe cHHTeTHviecKoe nepHemrHH. HMeeT cmbicji 
h H3y^eHHe oktohhohhoto aHOMajiBHoro 3D CTepeocHHTe3a [1], KHpajiBHoe 
ZlHCCHMMeTpHH 3pHTejiBHoro aHajiH3aTopa b HHTepaKTHBHBix npoueccax h ee 

36 



BJIHHHHH Ha CT6pGOCHHT63. IIpCHCTaB JIH6TCH Ba>KHBIM H3yM6HH6 COBMeCTHOrO 
(|)y HKHHOHHpOB aHHH 6CH6B6HHBIX HHTGp aKTHBHBIX CHCTGM H HX BHpTy aJIH3aHH6 
npH pa3pa60TKe HHTGrpHpOBaHHBIX HHTGp aKTHBHBIX CHCTGM ( peaJIH3yiOILI,HX 

"uHmezpupoeaHHyw peaAbHocmb" KaK ajiBTcpHaTHBy cHCTeMaM "BHpTyajiBHoc 
peajiBHocra" ) . K HHTGrpHpoBaHHBiM CHCTGMaM, BKJiioMaioBXHM b ce6a HCKyccTBGH- 

HBie HHTGpaKTHBHBIG BH^eOnO^CHCTeMBI aBTOMaTH^eCKOe apaH>KHpOBKH BOCnpHBI- 
aTHH, OTHOCHTCH HHTGrpHpOBaHHBIG BH^GOCGHCOpHBIG CHCTGMBI HHTGp aKTHBHOTO 
3pGHHH C GCTGCTBGHHOG CGHCOpHOG nO,ZI,CHCT6M06 H HHTGrpHpOBaHHBIG BH^G- 
OpGCnHpaTOpHBIG HHTGpaKTHBHBIG CHCTGMBI (t.G. HHTGp aKTHBHBIG BH^GOCHC- 
TGMBI C pGCnHpaTOpHOG MO^y JlflHHGG HJIH, B Sojigg oShigm CJiyMaG, TpaHC({)Op- 

Mau,HGG BH3yajiBHBix HHTGpaKTHBHBix npoHGCCOB) ncHxo(|)H3HO JiorH^GCKoro ay- 

TOTpGHHHra (KaK naCCHBHO-pCJiaKCaHHOHHOrO, TaK H aKTHBHO ^(HHaMHMGCKOro). 

3.3. OpraHH3an;Hii HHTerpupoBairaBix BH^eoKorHHTHBHLix CHCTeM peajiBHoro 
BpeiweHH pjisi ycKopeHHoe HeBepSajiBHoe KormiTHBHoe KOMMyHHKainaH. Hg- 

KOTOpBIG KOTHHTHBHBIG aCnGKTBI HHTGp aKTHBHOG KOMnBIOTGpHOG rpa(|)HKH B HGJIOM 
paCCMaTpHBaJIHCB B MOHOrpa(|)HH [21]. B .HaHHOG paSoTG MBI HHTGpGCyGMCH 
KOTHHTHBHBIMH aCnGKTaMH KOMMyHHKaiTHOHHBIX HHTGpaKTHBHBIX BH^GOCHCTGM 
pGaJIBHOrO BpGMGHH (a TaK>KG H HX HHTGrpHpOBaHHBIX BH^GOCGHCOpHBIX aHaJI- 

oroB). 

KaK OTMGMaJIOCB paHGG, HGnOCpG^CTBGHHOG HCnO JIB30BaHHG VL ABP-TGJIGCTG3HH, 
nO-BH^HMOMy, HG n03BOJIH6T OCytHGCTB JIHTB ncpG^aMy KOTHHTHBHOG HH({)Op- 
MaHHH. C .HpyrOG CTOpOHBI, HHTGrpHpopBaHHBIG BH^GOKOTHHTHBHBIG KOMMy- 
HHKaHHOHHBIG HHTGpaKTHBHBIG CHCTGMBI MOryT "HaC JIG^OBaTB" nOJIG3HBIG CBOGCTBa 
CBOHX BH^GOnO^CHCTGM, pGaJIH3yiOILI,HX VL ABP-T6 JI6CT63HIO , HO npH 3TOM nGpG- 

^aBaTB h cjio>KHyio KorHHTHBHyio HH({)opMai],Hio . TaK, no,zrxo,zi; k pa3pa6oTKG 

nO/lo6HBIX "npOH3BO^HBIx" HHTGrpHpOBaHHBIX CHCTGM yCKOpGHHOG HGBGpSaJIBHOG 
KOTHHTHBHOG KOMMy HHKaiTHH , 6a3HpyiOHI,HXCH Ha npHMGHGHHH H ABP-TGJIGCTG3HH 

(cm.bbihig) b Ka^GCTBG annapaTa npcuBapHTGJiBHoro p ac no 3h aB aHHH h hhtgp- 

aKTHBHOG CaMOHdCmpOeKU KOMMyHHKaiTHOHHBIX "kJIIO^Gg" Cy6T.GKTOB, a TaK/KG 
HX ^HHaMHMGCKOG CHHXpOHH3aiTHH, npH3BaH oSGCnG^HTB nOKaHaJIBHyiO HHTGp- 
aKTHBHyiO OnpG^GJIflGMOCTB "kJHOMGG" CBH3H H, TclKHM o6pa30M, npHHHHn- 
HaJIBHyiO HGHHTGpnpGTHpyGMOCTB (H6,H,6HIH<|)py6MOCTB) COoShIGHHH H3BHG. Pg- 

ajiH3yGMocTB no^oSHOG cxgmbi onnpacTca Ha pa,a; oSctohtgjibctb: (1) HajiHHHG 

HHTGpnpGTai],HOHHBIX {j)HTyp, HaSjHO^aGMBIX TOJIBKO B MHOTOnO JIB30BaTGJIBCKOM 
pG>KHMG, HapH^iy C /ipyrHMH OCoSgHHOCTHMH MHOronOJIB30BaTGJIBCKOrO pG/KHMa 
B HHTGpnpGTarj,HOHHOG TGOMGTpHH, o6cy>K,ZiaBniHMHCH BBIHIG (HanpHMGp, nOJIHCG- 
MaHTHMHOCTBIO H KBaHTOBO JIOTH^GCKHM XapaKTGpOM KOMMy HHKaiTHH, n03BO JIHroHTHM 
npHMGHHTB HGKOTOpBIG H^GH H MGTO^BI KBaHTOBOG KpHnTOrpa(f)HH [22-25]), (2) 
CnOCoSHOCTB HHTGpnpGTaiJ,HOHHBIX (f)HTyp CJiy>KHTB yKa3aTGJIHMH Ha BH^GO- 
KOTHHTHBHBIG 06T.GKTBI OTJIHMHOG OT HHX npHpO^BI, .ZTHHaMHMGCKH pGKOHCT- 
pyHpyGMBIG B pcaJIBHOM BpGMGHH nOJIB30BaT6JIHMH B npOHGCCG KOMMy HHKaT- 

chh. yKa3aHHBiG o6t.gktbi Sy^GM Ha3BiB aTB dunaMunecKU peKOHcmpyupyeMUMU 

06seKmaMU 9KCn6pUM6HUlQ,AbH0 6 MQjlTl6M(lfnUKU HJIH KpaTKO "dpoaMdMu" . TaKHM 
06pa30M, nOTOK BH3yaJIBHOG HH(|)OpMairHH MG/K^iy nOJIB30BaTG JIHMH, aHaJIH3HpOBaBHIHGCa 

b §1.4, opraHH3yGT Sojigg cjio>khbig noTOK bh^gokothhthbhog' HH(j)opMairHH, 

B03HHKaiOHi;HG MOK^y HHMH (oTMGTHM, HTO XOTH nGpG^aBaGMaH HH(f)OpMaT- 
CHH KOTHHTHBHa, npOHGCC GG nGpG^a^H HOCHT HHTGpaKTHBHO ynpaB JIHGMBIG H, 
OTMaCTH, 6GCC03HaTG JIBHBIG XapaKTGp, npH^GM ^ByCTHpOHHHG nOTOK HHTGpaK- 
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THBHOe BH,fl,eOHH(f)OpMaE,HH MOJKeT paCCMaTpHBaTBCa KaK nCHXOCeMaHTHMeCKHe 
KOHTGKCT KOrHHTHBHOrO HH(f)OpMaHHOHHOrO o6MeHa). IIpH 9TOM HCXO^HaH 

HHTepnpeTaiiHOHHaa reoMeTpna (tomhgg , HHTepaKTHBHaa BH^eocHCTeMa — ee 
"hochtg jib" ) cjiyjKHT BHpTyajiH3aB,Hee (^ecKpHnTopoM-KOHCTpyKTopoM) peaji- 
H3yeMoe kothhthbhog HHTepaKTHBHoe chctgmbi. K oScyjK^eHHio MaTeMaraM- 
ecKHx acneKTOB tcmbi, a hmchho, .uposMaM h hx /jHHaMH^iecKoe peKOHCTpyKHHH 
mbi nepee^eM b cjie^yiomeM naparpa4»e. 

§4. Xlp03MBI H HX JJJlHaMHMGCKafl peKOHCTpyKI^Hil 

HaHHBie naparpacf) nocBameH ,npo9MaM h hx ^HHaMH^ecKoe peKOHCTpyKHHH. 
XoTa, b uejioM, yKa3aHHBie npouecc, KaK Bnpo^eM h oSnjaa npHpo^a .upoaMOB, 
He BnojiHe acHBi ^a>Ke Ha KOHHenTyajiBHOM ypoBHe (xoTa, no-BH^HMOMy, ^poaMBi 

KaK- TO CBa3aHBI C T.H. ^HHaMH^eCKHMH CHMy JiaKp aim nOHflTHe [20:IIpHM.5]), 

OT^ejiBHBie npHMepBi MoryT Sbitb pa3o6paHBi ^ocTaTOMHo <|)opMajiBHo, TeM 
caMBiM npoacHaa HeKOTopBie oSnrHe MexaHH3MBi. IIpHMep, KOTopBie no,npo6HO 
pa36npaeTca hhjkc, cBa3aH c SecKOHeMHOMepHoe reoMeTpnee, h mojkct Sbitb 
oxapaKTepn30BaH KaK otbct Ha Bonpoc "mo>kho jih Ha6jno,naTB SecKOHe^- 
HOMepHBie o6t>6ktbi?" , hhbimh cjioBaMH, B03Mo>KHa jih h KaK HauepmamejibHasr 
6 ecKOHeHHOMepnasr zeoMemptisr. KaK mbi yBH,a,HM HcnojiB30BaHHe HHTepaKTHBHBix 

BH^eOKOrHHTHBHBIX CHCT6M, ^pOSMOB H HX /IHHaMHHGCKOB peKOHCTpyKHHH B 

onpe^ejieHHOM cMBicjie peniaeT stot Bonpoc nojio>KHTejiBHo b npHHirnne, mto 
no3eojifrem ucnoAb3oeamb Memodu aKcnepuMemnaAbHoe (KOMnbtomepnoe) MameM- 
amuKU npu usyueHuu 6ecKoneHHOMepHbix zeoMempunecKux o6deKmoe. Otmcthm, 
hto HeKOTopBie acneKTBi SecKOHe^moMepHoe Ha^epTaTejiBHoe tgomgtphh Teo- 
peTH^ecKH oScyjK^ajiHCB b paSoTe [26]. 

PaccMOTpeHHio caMoro npnMepa (nn.4.3.,4.4.) Hejiecoo6pa3HO npe^nocjiaTB 
o6cy>K^i,eHHe ^Byx TexHH^ecKHx BonpocoB (nn.4.1.,4.2.). 

4.1. OpraHH3an;Hii KnSepnpocTpaHCTBa [7,2:IIpHJio>K.A]. IlycTB .zyia npoc- 
totbi ^HHaMHKa H3o6pa>KeHHe 3a^aeTca (f)opMyjiaMH Bejiepa, KOTopBie cnapeHBi 
c HeKOTopoO aBHoe 3aBHCHMocTBio yrjioBBix nojiee ot BpeMeHH, TaK hto b 
hcjiom hx coBOKymiocTB npoeKTHBHo-HHBapHaHTHa. KHSepnpocTpaHCTBo coc- 
toht H3 npocTpaHCTBa H3o6pa>KeHHe Vi c (J)yH,zi,aMeHTajiBHoe ^jiHHoe (niaroM 
penieTKn) A/ h npocTpaHCTBa HaSjiio^eHHa Vo c 4>yH^;aMeHTajiBHoe ^jiHHoe 
Aq; b npocTpaHCTBe Vj qj)opMHpyioTca H3o6pa>KeHHa, b to BpeMa KaK npocT- 
paHCTBO Vo HcnoJiB3yeTca ^Jia ,a,aHHBix o /(bh>kghhh rjia3; gctgctbghho noTpe- 
SoBaTB A[ ^> Ao- $opMyjiBi Bejiepa 3anHCBiBaiOTca b BH/je $t = At^(u,u)$>t, 
6y,neM CMHTaTL, hto komhohghtbi pa3Jio>KeHHa yrjioBoro nojia At^(u,u) no u 
nopo>K,zi,aiOT KnTII-onepaTopHyio ajireSpy (/^-KOHC^opMHoe TeopHH nojia [18], 
T.e. aBJiaiOTca st(2, C)-nepBH^HBiMH nojiaMH b Mo,nyjie BepMa Vh Ha/Ji ajire- 
6poe JIh s((2,C). YrjioBoe nojie At^(u,u) mojkgt Sbitb npn6 jih>kghho npe^;- 

CTaBJieHO b BH^e M^t, ^uV^u) + M 2 (t,£)u 2 V 2 (u) H h M n (t, ^)u n V n {u), r^e 

BeJiHMHHBi Mi(t,^) peaJiH3yiOT aBHyio 3aBHCHMOCTB yrjioBoro nojia ot BpeMeHH 
h HeoreoMeTpn^ecKHx .zpniaMHMecKHx napaMeTpoB rana SHonoTeHHHajioB 99T 
hjih ^aHHBix pecnnpaTopHoro pHTMa, a Vi(u) aBJiaiOTca st(2, C) — nepBH^iHBiMH 
nojiaMH cnHHa i b Mo^yjie BepMa Vh Ha/j ajireSpoe JIh s[(2,C). HBHBie ({)op- 
MyjiBi ,a;jia 9thx nojiee npHBe^eHBi, HanpnMep, b [16], TaK>Ke KaK hx /picKpeT- 
HBie (penieTOMHBie) aHajiorn, KOTopBie h HcnojiB3yiOTca Ha npaKTHKe (npn 

9TOM n paBHO 2 HJIH 3). 
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4.2. 06pe3amie yrjiOBoro nojiH [1]. VL3 npaKTH^ecKHx cooSpaateHHe hmcct 
cmbicji paccMaTpHBaTL. o6pe3aHHe A cnt (u, u) yrjiOBoro iiojih A(u, u) b peryji- 
apHoe Macra, He co^ep>Kaia,ee CTeneHee u c noKa3aTejieM Sojibbthm 3a,a,aHHoro 
N. IIpe^nojiaraeTCH, hto A cut (u, u) ocTaeTca TpaHc jihb,hohho h MacnrraSHO 
HHBapHaHTHBiM, a .nHJiaTaBHOHHaa HHBapnaHTHOCTB HapymaeTCfl. HanpHMep, 
KOMnoHeHTBi o6pe3aHHoro (/i?-a(p(pHHHoro TOKa J cut (u) (sl(2, C)-nepBHMHoro 
nojifl cnHHa 1 b Mo^yjie BepMa Vh Ha^ ajireSpoe JIh sl(2,C)) 3a^aiOTCH on- 
epaTopaMH J£ ut = J k = d k z , J™£ = z k A k h P(zd z ) (A+/(x) = f(x + 1) - f(x)), 
rp,e P(zd z ) - MHoroMJieH CTeneHH N, HanpHMep, TaKoe, mto P(zd z )z l — 2K+I Z ^ 
i < N. Mo^yjiB BepMa Vh peajiH30BaH b npocTpaHCTBe MHoroM jieHOB ot o^Hoe 
nepeMeHHoe z, sl(2, C)-reHepaTopBi hmciot bh^ Li = (zd z + lh)d z , Lq = zd z + h, 
L-i = z. MHoroMJieH P(zd z ) o^H03Ha^HO onpe^ejiaeT onepaTop L^ ut TaKoe, 
mto [L^ ut , Jf."*] = 1, [L^ ut ,Lo] = L± ut ; L± ut HBJiaeTca o6pe3aHHBiM onepaTopoM 
.HHJiaTauHH: L^ ut = zP~ 1 (zd z ). OnepaTopBi L^ ut , Lq, L_i nopo>K/i;aiOT t.h. 
HejiHHeeHyio SI2 [27] c cooTHonieHHHMH 

[L , L_i] = L_ x , [L™\ L ] = Lf* [L^, L-i] = h(L ), 

r,ne = "p^~pYj p^xj ■ yKa3aHHan HejiHHeeHaa SI2 ohhcbib aeT HapynieHne 
npoeKTHBHoe HHBapHaHTHOCTH npn npone,nype o6pe3aHHH. 

npone,nypa o6pe3aHHH npn N = 1 n A(u, u) = J(u)u b HacraBix cnyMaax 
peajiH3yeT HHTepaKTHBHyio BH^eocncTeMy c MacTHMHBiM yBJie^eHHeM h MacKHpc-BaHHeM, 
T.e. 

= § u {x) = f(\x - u\)$ (x - 7«), 

r,ne 7 - K09(p(pHnHeHT yBJie^ieHHH, / - (pyHKUHH MacKHpoBaHHa, u = u(t) 
- noJio>KeHHe tomkh B3opa. BH^eo/iaHHBie MoryT Sbitb MHorocJioeHBiMH c 
Kos(|)(|)HLi,HeHTOM yBJie^eHHH h (pyHKipiee MacKHpoBaHHa cbohmh Ana. Ka>K^;oro 

CJIOH. 

Ilepexo^i; k ^HCKpeTHoe (penieTOMHoe) BepcHH b cjiy^ae o6pe3aHHH He bbkbi- 
BaeT npoSjieM. 

4.3. BecKOHe^iHOMepHbie ^HHaMHMecKHe chmmotphh HmepaKTHBHO yn- 
paBJiHeMBix BH^eocHCTeM. BecKOHe^HOMepHBie ^HHaMHMecKHe chmmctphh 
HHTepaKTHBHO ynpaBJiaeMBix BH^eocHCTeM, 9bojhob,hh kotopbix onucBiB aeT- 
ca (popMyjiaMH Bejiepa hjih 9ejiepa-BejiaBKHHa-KojioKOJiBn;oBa (bo3mo>kho, 
cnapeHHBiMH c ypaBHeHHHMH Bejiepa-ApHOJiB^a) c onepaTopHBiMH nojiHMH, 
nopo>K,a,aion],HMH KnTn-onepaTopHyio ajireSpy Qfj-KOHO^opMHoe TeopHH nojia, 
MoryT Sbitb nocTpoeHBi o^hhm h3 cJie^yioniHX Tpex 9KBHBaJieHTHBix cnocoSoB. 

Cnoco6 1 [18]. TeHepaTopBi SecKOHeMHOMepHBix ^HHaMmecKHx CHMMeTpue 
cyTB sl(2, C)-TeH3opHBie onepaTopBi b Mo^yjiax BepMa Vh Ha^ ajireSpoe JIh 
sl(2, C), npeo6pa3yioBXHecH uoa ^66ctbh6m sl(2, C) KaK rojioMop({)HBie n-/i,H(|)(f)epeHii,HajiBi 

B e^HHHMHOM KOMnJieKCHOM ^HCKe D + (jl G Z_), T.e. 171 — no JIHB eKTO pHBie 

nojia (m G Z + ). TaKHM o6pa30M, npoH3BO/i,Hn];He 4>yHKii;HH ^Jia reHepaTopoB 
SecKOHeMHOMepHBix ^HHaMHMecKHx cHMMGTpue cyTB st(2, C) — nepBHHHBie onep- 
aTopHBie nojia b Vh cnraa m. 

Cnoco6 2. HeecTBHe ajireSpBi JIh sl(2, C) b Mo^yjie BepMa Vh npo^oji>KaeT- 
ca npe^CTaBJieHHa T ajireSpBi JIh W\ (popMajiBHBix bcktophbix nojiee Ha 
npaMoe [28]. A hmchho, ecjin Mo^yjiB BepMa Vh peajiH30BaH b npocTpaHCTBe 
MHoroHJieHOB o^Hoe KOMnjieKCHoe nepeMemioe z, a reHepaTopBi sl(2, C) HMeiOT 
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bh^i L_i = z, L = zd z + h, L\ = zd\ + 2hd z , to 0cTajiL.HL.1e reHepaTopu aji- 
reSpBi JIh W\ 3a,ziaiOTca onepaTopaMH Lf~ = zd^ +1 + (k + l)hd z (k > 2). 
Ecjih Mo^iyjiL. BepMa Vh yHHTapH3yeM, to reHepaTopBi SecKOHe^iHOMepHBix 
JJHHaMH^eCKHX CHMMGTpH6 , OTBe^aiOLLLHX sl(2, C)-nepBHMHOMy nojiio cnHHa 
2, npe^CTaBJiaiOTca b BH^e T(X) hjih T*(X), r^e X G JVi. B HeyHHTa- 
pH3yeMOM cjiy^ae cjie^iyeT BocnojiB30BaTBca aHajiHTH^iecKHM npo.no Ji>fceHHeM 
no napaMeTpy h. HtoSbi noJiyMHTB reHepaTopBi SecKOHeMHOMepHBix /jjihcIMh- 
TqecKHX CHMMGTpHe , OTBeMaroniHx st(2, C)— nepBH^HOMy nojiio cnHHa 1, Heo6- 
xo/jhmo npo^;oji>KHTB ^ieecTBHe ajireSpBi JIh W\ b Mo^iyjie BepMa Vh RO npe,n- 
CTaBJieHHH T nojiynpaMoe cyMMBi 9Toe ajireSpBi h aSejieBoe ajireSpBi JIh C[z] 
b Vh- Bto npe^iCTaBJieHne npn orpaHHMeHHH Ha C[z] aBJiaeTca npe^iCTaBJie- 
HneM yKa3aHHoe ajireSpBi He tojibko KaK aSejieBoe ajireSpBi JIh, ho h KaK 
KOMMyTaTHBHoe accon,HaTHBHoe ajireSpBi, o6pa3yioiLiee z OTBeMaeT onepaTop 
d z . TeHepaTopBi SecKOHe^HOMepHBix .zLHHaMHMecKHx CHMMeTpne, OTBeMaioraHx 
sl(2, C)-nepBH^HOMy nojiio cnHHa 1, HMeiOT bh^j T(X) hjih T*(X), r#e X G 

C[z]. IIpH nOMOLLLH aHaJIOTHMHOe, HO HeCKOJIBKO SoJiee CJIOJKHOe KOHCTpyKILHH 
MOJKHO nOJiyMHTB H OCTaJIBHBie SeCKOHeMHOMepHBie ^HHaMH^eCKHe CHMMeTpHH. 

Cnoco6 3. npo^ojBKHM npe^CTaBJieHne ajireSpBi JIh sl(2, C) b Mo,ayjie BepMa 
Vh ao npe^CTaBJieHHa T ajireSpBi JIh Vect c (5' 1 ) rjia^KHx C-3HaMHBix BeK- 
tophbix nojiee Ha oKpy>KHocTH S 1 (SoJiee tomho, Z-rpa/iyHpoBaHHoe ajireSpBi 
BnTTa no JiHHOMHajiBHBix BeKTopHBix nojiee) b Mo^iyjie V(h) (pyHKiLHOHajiBHoe 
pa3MepHocTH 1. 06o3HaHHM P ecTecTBeHHBie s[(2, C) — HHBapHaHTHBie npoetc- 
Top npocTpaHCTBa End(V(h)) Ha npocTpaHCTBo End(V^). BecKOHeMHOMepHBie 
/jHHaMHqecKHe chmmctphh, OTBe^aiOHiHe s[(2, C) — nepBH^iHOMy nojiio cnHHa 2, 
HMeiOT BHJJ P(T(X)) (X G Vect c (5 1 )). Hto6bi no jiyMHTB Bee OCTaJIBHBie 
SeCKOHeMHOMepHBie .zLHHaMHMecKHe chmmctphh HeoSxo^HMo paccMOTpeTB aji- 
reSpy JIh DOP^ ^(.S 1 ) #H(p(pepeHnHajiBHBix onepaTopoB bmccto ajireSpBi JIh 

Vect c (S 1 ) BeKTopHBix nojiee. 

AjireSpaHMecKaa CTpyicrypa onHcaHHBix SecKOHeMHOMepHBix .zLHHaMHMecKHx 
CHMMeTpne SBiJia pacKpBiTa b paSoTax [29,30]. Ha/jHM OKOHMaTejiBHyio (pop- 
MyjinpoBKy pe3yjiBTaTa. 

TeopeMa 2A. BecKOHeHHOMepnue dunaMuuecKue cuMMempuu, omeenaiov^ue sl(2, C)- 
nepeuHHOMy nojiw cnuna 2, o6pa3ywmHS-npoeKmuenoe npedcmaejiefiue aAze6pu 
JIu Vect c (S 1 ) e yHumapu3yeM0M Modyjie BepMa Vh (m.e. npedcmaeAenue no 
Modyjiw onepamopoe rujib6epma-UlMudma), a maKotce acuMnmomuuecKoe nped- 
cmaeAenue yKa3annoe ajize6pu "mod 0(h)" (e CMUcne [31]; h=h—\). Bcsr co- 
eoKynnocmb 6ecKonennoMepnux dunaMuuecKux cuMMempue o6pa3yem TiS-npoeKmuenoe 
u acuMnmomuuecKoe "mod 0(H)" npedcmaenenun cuize6pu DOPj. ^S 11 ). 

yTBep>K^ieHHe TeopeMBi jierKo BBmo^HTca H3 TpeTBero cnocoSa onpe^e- 
jieHna SecKOHe^HOMepHBix ^HHaMmecKHx CHMMeTpne. 

HaCTB H3 SeCKOHeMHOMepHBIX JJHHaMHMCCKHX CHMMGTpH6 MOiKGT 6BITB "rJIoS- 

ajiH30BaHa" [30]. CcpopMyjinpyeM oKOHMaTejiBHBie pe3yjiBTaT. 

TeopeMa 2B. BecKoneunoMepnue dunaMuuecKue cuMMempuu, omeenamviue sl(2, C)- 
nepeuHHUM noAsrM cnunoe 1 u 2, aKcnoneni^upywmcsr do npoeKmuenozo TiS- 
nceedonpedcmaejienufr [30] nojiynpffMozo npou3eedenusr zpynnu Diff + (5' 1 ) dutfi- 
<fieoMop(fiu3Moe OKpyotcnocmu u zpynnu nemejib Map(5' 1 , U(l)), frejifrmi^ezocsr acuMn- 
momuuecKUM npedcmaejienueM "mod 0(h)". 
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TeopeMa 2 ^onycKaeT aHajior ,njia SecKOHeMHOMepHBrx ^HHaMmecKHx chm- 
MGTpuG ajih ^HHaMHK b npoH3BOJibHBix KaHOHHMecKHx G-rnnepMyjiBTHnjieTax 
[13,1]. Una 9Toro Ha^o 3aMeHHTB aSeJieBy rpynny U(l) Ha rpynny G. 

PaccMOTpHM npEi6jiH>KGHHG yrjioBoro nojia c n = 2 (cm. 4.1.). B 9tom 
cjiy^iae yrjiOBoe nojie npe^CTaBJiaeTca b BH^e reHepaTopoB SecKOHeMHOMepHBix 
/IHHaMEraecKHx cHMMeTpne c KoscfxpHnHenraMH, 3aBHCfliB,HMH ot napaMeTpoB 
ynpaB^eHHH. KaK cjie^CTBHe, ^jiHaMHKa HHTerpnpyeTca no Mo,nyjiio onep- 
aTopoB rHJibSepTa-IIlMH^Ta hjih acHMiiTOTHMGCKH "mod 0(h)" h 3a,naeTca 
HHTepaKTHBHO ynpaBJiaeMBPM rpynnoBBiM sjigmbhtom noJiynpaMoro npoH3Be- 
AeHHH rpynnBi ,a,H<|)(peoMop<|)H3MOB OKpy>KHOCTH h rpynnBi neTeJiB. 

4.4. BecKOHe^iHOMepHBie .npoBMBi h hx flHHaMHqecKa.H peKOHCTpyKii;Hii. H3 

pe3yjiBTaTOB npe^Bi^ymero nyHKTa CJie^yeT, mto HHTepnpeTanHOHHBie (pnrypBi 
b MO/ieJiax, 3a^;aBaeMBix KaHOHH^ecKHMH iipogkthbhbimh G-ranepMyjiBTHnjieTaMH, 
MoryT cjiyjKHTB yKa3aTejiHMH Ha SecKOHeMHOMepHBie ,npo9MBi, peajiH3yeMBie 
npH noMonjH reoMeTpH^ecKHX oStjCktob, CBa3aHHBix c rpynnaMH /pnfxpeo- 
Mopcj)H3MOB OKpy>KHOCTH h rpynn neTejiB (cm. [26,32-35,17] h ccbijikh b hhx). 
Ilponecc AHHaMHMecKoe peKOHCTpyKntiH 3aKJiioMaeTca b BoccTaHOBJieHHH SecKOHeM- 
HOMepHoro oS^BeKTa no HHTepaKTHBHOMy nponeccy b ,a,HHaMHMecKoe BH^eo- 

CHCTGMG. CaM SeCKOHeMHOMepHBie oS^beKT MO/KGT 6BITB KaK HHTGpnpGTaB,HOH- 
HBIM, TaK H CTaTH^eCKHM (KOMnHJIflB,HOHHBIM) . HanpHMep, HHTGpnpGTaB,HOH- 

HBie (J)HrypBi MoryT cjiy>KHTB yKa3aTejiHMH Ha CTaTH^ecKoe "H3o6pa>KeHHe" 
Ha "SecKOHe^HOMepHOM 9KpaHe" - npocTpaHCTBe yHHBepcajiBHoe ^eiJiopMaT- 
chh KOMnjieKCHoro ^HCKa [33,34]. B Ka^ecTBe .uposMOB MoryT BBiCTynaTB 
h MHoro^HCJieHHBie (no^epKHeM, no^Mac BecBMa sksothmgckhg) SecKOHeM- 
HOMepHBie oSi^eKTBi reoMeTpHMecKoe TeopHH btophhhokb aHTOBaHHBix CTpyH 
[35], hto OTMe^ajiocB b TpeTBee Mac™ paSoTBi [35]; TaKHM o6pa30M, hmgct 
cmbicji roBopHTB h o HcmepmameAbnoe cmpyHHoe zeoMempuu b KOHTeKCTe 06- 
rnero MaTeMaTH^ecKoro <popMajiH3Ma TeopHH CTpyH (cM.Hanp.[36]). 

Otm6thm, mto nepexo^t k penieTO^Hoe Bepcnn, no-BH/piMOMy, ,a;oJi>KeH npHBO^HTB 
k kb aH to b bim aHaJioraM SecKOHeMHOMepHBix rpynn h aJireSp JIh (cp.[37]), 
CznaaKo, reoMeTpn^ecKHe nocjie^CTBHa npone,zrypBi o6pe3aHHa (cM.BBinie n.4.2.) 

HeH3BeCTHBI. 

Ba>KHOCTB H3BiKa SecKOHeMHOMepHoe reoMeTpHH OTMe^ajiacB b [26]; ,a,aHHaa 
paSoTa MO/KeT paccMaTpHBaTBca KaK pa3BHTHe ccpopMyjinpoBaHHoro b [26] 
Te3Hca o ecTecTBeHHocra H3BiKa SecKOHeMHOMepHoe reoMeTpHH. Otmcthm, 

HTO ,Hp09MBI (b MaCTHOCTH, SeCKOHe^HOMepHBie) H HX .HHHaMH^eCKaH peKOH- 

CTpyKnna noMHMO onHcaHHoe npHKJia^Hoe npoSjieMBi opraHH3an,HH ycKopeH- 
hbix HeBepSajiBHBix kothhthbhbix KOMnBioTepHBix h TejieKOMMyHHKanHe Sy^y^H 

BeCBMa B aJKHBIMH RJIR SKCnepHMeHTaJIBHOe MaTeMaTHKH H, KaK CJie^CTBHe, 

Ajih Bcero KOMnjieKca MaTeMaraMecKHx (b tom ^ncjie TeopeTHMecKnx) HayK, 
npe^CTaBJiaiOT hh Tepee h ,a,jia TeopeTHMecKoe MaTeMaTHqecKoe ncHxojiorHH, 

CTpyKTypHOe JIHHrBHCTHKH H JIHHTBHCTHHeCKOe nCHXOJIOrHH B KOHTeKCTe KaK 
CTaBHIHX aKTyaJIBHBIMH CpaBHHTe JIBHO He^aBHO HCCJie^OBaHHe HeBepSajiBHBix 
KOTHHTHBHBIX KOMMyHHKanHe B pa3JIHHHBIX BHeniHHX yCJIOBHHX (b TOM HHCJie 

npn HajiH^HH CTHMyjianne), TaK h b KOHTeKCTe TaKnx Sojiee Tpa^HB,HOHHBix 

TeM, KaK H3y^eHHe B03HHKHOBeHHa H pa3BHTHH BepSaJIBHBIX KOMMy HHKanHe , 

paHHHx STanoB (popMnpoBaHna pe^H h nponeccoB oSy^eHHa. B 9Toe cbh3h 
npe^CTaBJiaeT ocoSBie hh Tepee ^HHaMHMecKaa peKOHCTpyKnHa ^;po9MOB b mho- 
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ronojiL.30BaTejiL.cKOM peacuMe (cp.n.1.4.), HanpHMep, b HHTepaKTHBHBix BH^eoKor- 
hhthbhlix Lirpax (tirpax c HHTepaKTHBHBiM ynpaBJieHneM, cm. n. 1.1.). 
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